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Abstract 
Most marine and all freshwater fishes regulate the ionic and osmotic composition of their 
extracellular fluids different from the outside environment.  The gills play a prominent osmoregulatory role in 
maintaining whole body ion and water balance in fish living in both freshwater and saltwater environments.  
The ability of the gill to regulate salts is dependent on the action of the Na+/K+-ATPase.  When euryhaline 
fishes, fishes able to tolerate changes in external salinity, experience changes in environmental salinity, they 
alter their gill physiology and Na+/K+-ATPase activity to handle changing osmotic and ionic stresses.  The 
activity and relative expression of Individual Na+/K+-ATPase isoforms is known to change in some euryhaline 
species during acclimation to changing salinity, however the regulation of this important enzyme is poorly 
understood.  The three-spine stickleback, Gasterosteus aculeatus, is a euryhaline fish species that inhabits a 
wide variety of environments ranging from freshwater to seawater with some freshwater populations being 
landlocked.  The genome of G. aculeatus has been sequenced and contains four Na+/K+-ATPase isoforms, of 
which three are expressed in the gills.  This study examined the expression of these three Na+/K+-ATPase 
isoforms in wild lake and marine populations of stickleback following transfer to either freshwater or 
seawater.  Plasma chloride levels, muscle water content, gill Na+/K+-ATPase activity and gill Na+/K+-
subunit isoform mRNA expression levels were monitored.  Marine and freshwater stickleback were able to 
regulate both plasma chloride levels and muscle water content, suggesting they can successfully acclimate to 
changing salinity; which is consistent with other studies.  Marine fish transferred to freshwater showed a 
significant increase in gill Na+/K+-ATPase activity while freshwater fish transferred to seawater did not.  No 
significant change in mRNA expression was seen in either ATP1A3 isoforms following freshwater or seawater 
acclimation.  However, a significant increase in the ATP1A1 isoform was observed when acclimating to 
seawater and a significant decrease was seen in the ATP1A1 isoform when acclimating to freshwater, 
suggesting ATP1A1 plays a role in ion secretion in marine habitats.  These results confirm that three-spine 
stickleback independently regulate individual Na+/K+-ATPase s in their gills and that 
landlocked populations of the species have retained the ability to acclimate to seawater.   
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Introduction 
 The gills of teleost fish play an important role in the regulation of osmotic and ionic balance in 
both freshwater and saltwater environments.  Gill Na+/K+-ATPase (a.k.a. the sodium pump) is a plasma 
membrane transporter, which is known to power whole body salt secretion in marine fishes and is 
involved in salt absorption in freshwater fishes.  Despite decades of research on the role and regulation 
of gill Na+/K+-ATPase in teleost fish ionoregulation, much still needs to be elucidated.  The regulation of 
this vital protein is especially important in euryhaline species of fish that are capable of surviving in 
environments with fluctuating salinity.   
 The three-spine stickleback, Gasterosteus aculeatus, is a euryhaline, teleost fish that is widely 
distributed in the northern hemisphere (Bell and Foster, 1994). It can live in marine, brackish and 
freshwater habitats, with some populations showing an anadromous life-history, meaning they migrate 
from saltwater to freshwater to reproduce.  Much research has been conducted on the behavior, 
morphology, ecology and evolution and speciation of G. aculeatus and it has become a model species in 
these fields (Bell and Foster, 1994; Östlund-Nilsson et al., 2007).  Despite its popularity amongst 
biologists, much remains to be learned about the physiology of three-spine stickleback, especially when 
it comes to ionoregulation and water balance.  Euryhaline fishes must alter their gill epithelium to 
handle changing osmotic and ionic stresses that they experience as they migrate between environments 
with differing salinity.  Previous research on anadromous salmonid fishes (salmon, char and trout) has 
shown that the gills express multiple isoforms, which are proteins that have the same basic function but 
are slightly different, of the Na+/K+-ATPase α subunit.  Two of these isoforms are differentially expressed 
during acclimation to seawater (Richards et al., 2003; Bystriansky et al., 2006), suggesting they may have 
different functions in environments with different salinity.  Despite this observation, the exact function 
of these Na+/K+-ATPase isoforms has yet to be determined. 
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 In order to further understand how different Na+/K+-ATPase α subunit isoforms function, my 
thesis will investigate what Na+/K+-ATPase α subunit isoforms are present in the three-spine stickleback, 
and how their expression may change with changing external salinity.  I will take advantage of the fact 
that the genome of G. aculeatus has been fully sequenced (Kingsley and Peichel, 2007), allowing for the 
identification of which Na+/K+-ATPase α subunit isoforms may be expressed. To better explain the details 
of my study and the significance of my observations, our current understanding of the physiology of ion 
and water balance in fishes will be reviewed.    
Osmoregulation and Ionoregulation 
 The salinity of an animal’s environment exerts an ionic and osmotic stress on their cells.  Ionic 
and osmotic stress occurs when there is a sudden change in the concentration of solutes in a solution 
around cells that results in the movement of water in or out of the cells through osmosis.  To deal with 
this, some animals are termed osmo/ionoregulators as they maintain the osmotic and ionic composition 
of their extracellular fluids different from the outside world (Moyes and Schulte, 2008).  In contrast, 
osmo/ionoconformers allow their internal environment (extracellular fluid) to be very similar to that of 
their external environment.  Depending on the environment in which they live, animals face different 
ionic and water balance challenges.  The salinity and ionic composition of the marine environment is 
very stable, allowing all marine invertebrates to be osmo/ionoconformers (Moyes and Schulte, 2008).  In 
contrast, most marine fishes (with the exception of the chondricthyes, the coelocanth and the hagfish) 
are osmoregulators.  Marine osmoregulators maintain their tissues and extracellular fluids at 
approximately one-third the osmolality of seawater, making them prone to lose water and gain salts.  In 
contrast, freshwater environments are very dilute as they have a very low salt content.  For this reason, 
all freshwater animals deal with the constant loss of salts and gain of water, and must be 
osmo/ionoregulators (Moyes and Schulte, 2008).  Finally, terrestrial animals live in a relatively dry 
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environment, and are constantly battling the loss of water due to dehydration.  Since they are not 
immersed in water, they can only gain salts and water through active uptake from their diet, making 
them osmo/ionoregulators.  Overall, each environment presents a unique set of ionic and osmotic 
challenges to animals.  Osmoregulating animals have evolved specialized mechanisms to maintain salt 
and water homeostasis within their bodies depending on the environment in which they are found 
(Moyes and Schulte, 2008).  Of particular interest, are the teleost fishes. This large group of bony fishes 
inhabits nearly every aquatic environment on the planet.  Many species tolerate the harsh freshwater 
environment, with many more residing in seawater.  A smaller number of teleosts are especially 
interesting, as they can survive in environments with varying salinity and some can even tolerate both 
fresh and saltwater environments.  To do so, teleost fishes have evolved an impressive array of 
mechanisms to regulate their internal salts and water.   
Physiology of Ionoregulation and Osmoregulation in Teleost Fishes 
Teleost fishes inhabit a wide array of environments that vary in their salinity.  Freshwater has 
very low ion concentrations giving it a salinity of ~0.1‰ (Dobson and Frid, 2009).  The major ions in 
freshwater are bicarbonate (~1.7 mmoll-1), calcium (~0.8 mmoll-1), sodium and chloride (~0.5 mmoll-1 
each).  Seawater on the other hand has an average salinity of ~35‰, of which more than 90% of the 
dissolved ions are made up of chloride (~548 mmoll-1) and sodium (~470 mmoll-1).  In most regions, the 
ionic composition of seawater is conserved, while freshwater is slightly more variable, especially in 
regard to hardness and pH.  Most fish species inhabit either freshwater or seawater environments, while 
some species are found in brackish water or hypersaline lakes.  Despite their very broad distribution, 
most fish species are stenohaline, living in either freshwater or seawater and are unable to tolerate any 
change in environmental salinity (Evans et al., 2005).  In contrast, some fishes are considered euryhaline 
as they can tolerate aquatic environments that vary in salinity.  To better appreciate the challenges 
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faced by fish moving between environments with different salinities, the mechanisms used to maintain 
and regulate ionic and osmotic balance by freshwater and marine teleost fishes will be explored in 
further detail individually.  
Freshwater Teleost Fishes 
 The internal environment of freshwater teleosts is hyperosmotic to freshwater.  Because of this 
difference, freshwater teleosts must prevent the net gain of water and the net loss of salts. To prevent 
the net gain of water they drink very little (Bath and Eddy, 1979) and produce a very dilute urine 
(Marshall, 2002; Perry et al., 2003).  To prevent the net loss of salts they reabsorb the majority of the 
salts from their urine and replace any lost salts through their diet and by active uptake by the gills.  The 
gills are primarily responsible for Na+, Ca2+ and Cl- uptake from freshwater, making them the 
predominate osmoregulatory organ in fishes.  
 The uptake of Na+ and Cl- by the gills is achieved through the creation of favorable 
electrochemical gradients that are produced by the movement of ions in acid-base secretion. The most 
accepted model of Na+ and Cl- uptake by teleost gills was first described by (Avella and Bornancin, 1989) 
and is carried out predominantly by chloride cells.  Pavement cells have since been suggested to also 
play a role in the accumulation of Cl- (Marshall, 2002).  In this ‘current model’ (Figure 1a) the uptake of 
Na+ and Cl- is linked to the excretion of H+ and HCO3
- and involves the action of both the H+-ATPase and 
Na+/K+-ATPase (Avella and Bornancin, 1989).  A V-type H+-ATPase on the apical surface of the cell, facing 
the external environment, pumps H+ out of the cell creating an electrical gradient.  This gradient draws 
Na+ into the cell passively from the water through a proposed epithelial Na+ channel (ENaC).  Na+ is then 
pumped out of the gill cell into the blood by a Na+/K+-ATPase on the basolateral membrane of the cell, 
facing the blood plasma. Na+/K+-ATPase activity therefore maintains a very low intracellular Na+ 
concentration that is thought to help apical Na+ uptake from the water into the cell.  The uptake of Cl- is 
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linked to the secretion of HCO3
- through an electroneutral Cl-/HCO3
- exchanger located on the apical 
surface of the cell.  The Cl- then enters the blood through a yet to be described Cl- channel/transporter in 
the basolateral membrane.  This model for sodium uptake is in contrast to the ‘classic model’, initially 
proposed by Krogh (1938) and further refined by Kersetter et al. (1970), in which Na+ uptake involves an 
electroneutral Na+/H+ exchanger (NHE) on the apical membrane, powered by the Na+/K+-ATPase.  The 
NHE transports Na+ into the cell in exchange for H+ being transported out of the cell (Perry and Gilmour, 
2006) instead of a separate H+-ATPase and epithelial Na+ channel (Figure 1b).  Like the mechanism 
above, the Na+ is then pumped out of the gill cell into the blood by a Na+/K+-ATPase on the basolateral 
membrane of the cell.  The ability of this model to function in freshwater with very low Na+ 
concentrations has been debated on thermodynamic constraints (Parks et al., 2008).  It appears as 
though some fish species utilize the apical H+-ATPase and basolateral Na+/K+-ATPase to drive Na+ uptake 
via ENaC  (current model) while others simply rely on the power of the Na+/K+-ATPase to bring in sodium 
via the NHE (classic model).  Interestingly, the expression of a functional ENaC in the apical membrane of 
gill chloride cells has yet to be observed (Evans, 2008; Hwang et al., 2011).  Clearly, much more research 
is required to understand the mechanisms of active ion uptake by freshwater fish.  Although never 
investigated in three-spine stickleback, it would appear they utilize the ‘classic model’ for sodium uptake 
as there is no obvious ENaC in the genome, while several forms of the NHE are present.  
 Due to the heterogeneous mixture of cells in the gills of freshwater fish, it has been difficult to 
identify the exact cells in which these processes take place. At one point, mitochondria-rich chloride 
cells were generally accepted as the cellular site of Na+ and Cl- uptake and pavement cells (PVC) only 
involved in the uptake of Cl- (Evans et al., 1999; Marshall, 2002).  However, recent studies on rainbow 
trout gills have identified two types of mitochondria-rich chloride cells based on their ability to bind 
peanut lectin agglutinin (PNA).  These cells are believed to be the cellular sites of Na+ and Cl- uptake as 
well as acid-base secretion (Goss et al., 2001; Galvez et al., 2002; Perry et al., 2003).  PNA- cells are  
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Figure 1: Ion transport models in freshwater 
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believed to be primarily involved in Na+ uptake and acid secretion, while PNA+ are involved in Cl- uptake 
and base secretion.  Different types of chloride cells have also been identified in other species including 
the Atlantic salmon, Salmo salar, (Pisam et al., 1988) and guppy, Lebistes reticulatus, (Pisam et al., 1987; 
Pisam et al., 1988). 
Marine Teleost Fishes 
 Marine teleosts maintain their internal body composition hypoosmotic to seawater.  In order to 
maintain their internal environment hypoosmotic to the marine environment, they must limit water 
loss.  To combat this loss of water, marine teleosts drink saltwater (Smith, 1930).  Most of the water 
ingested is absorbed passively along the digestive tract due to the active uptake of Na+, Cl- and most 
other univalent ions.  Marine teleosts also produce more concentrated urine than freshwater fish to 
conserve water. The excessive amounts of Na+ and Cl- absorbed from the ingested seawater are then 
actively secreted from the blood by the gills. 
 The model of secretion of excess blood Na+ and Cl- in the gills of marine fish involves the activity 
of two transporters and a selective Cl- channel (Silva et al., 1977) (Figure 2). Na+/K+-ATPase on the 
basolateral membrane of chloride cells drives Na+ out of the cell into the blood in exchange for K+.  This 
creates a large inward Na+ gradient and large outward gradient for K+ across the plasma membrane.  
These gradients power the coupled movement of Na+ and Cl- into the cell through a basolateral Na+-K+-
2Cl- cotransporter (NKCC).  This cotransporter links the passive movement of one Na+ ion into the cell 
down its concentration gradient to the uphill movement of one K+ ion and two Cl- ions into the cell.  The 
net result is an increase in intracellular Cl- levels.  Cl- levels increase to the point where they can then exit 
the cell passively down their electrochemical gradient through an apical Cl- channel that is homologous 
to the cystic fibrosis transmembrane regulator (CFTR).  Na+ passively follows the movement of Cl- 
through a paracellular pathway via leaky junctions between neighboring mitochondria-rich chloride cells  
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Figure 2: Ion transport model in seawater (adapted from Silva et al., 1977) 
 
and accessory cells.  Even though the concentration of both Cl- and Na+ in seawater is higher than in the 
cell or plasma (Wright, 1991), the ions are able to passively flow into the water due to electrical 
potential difference across the apical membrane in the case of Cl- (cell negative) and the “leaky” junction 
in the case of Na+ (plasma positive). 
Euryhaline Fishes 
Although most fish are stenohaline, able to live in only freshwater or marine environments, 
some fishes are termed euryhaline, and able to tolerate changes in external salinity (Evans et al., 2005).  
The degree of euryhalinity can differ greatly between species, with some able to tolerate large changes 
in salinity (e.g freshwater to full strength seawater), and others only capable of dealing with smaller 
fluctuations.  Fish may encounter changes in salinity during migration to new environments (e.g. during 
migration from freshwater to seawater) or if their environment changes on them while they remain in 
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one place (e.g. during a tidal cycle).  In order to deal with changing osmotic and ionic stresses, 
euryhaline fishes must reorganize their physiology when they encounter environments with different 
salinities.  This involves a host of changes to the osmoregulatory tissues (e.g. gills, intestine and kidney) 
to allow for either active ion absorption or secretion, depending on salinity of the new environment.  For 
example, the gills of fish migrating from freshwater to seawater would need to be modified to reduce 
the number and activity of ion transporters and channels important for active ion absorption in 
freshwater and increase those proteins known to be important for active ion secretion in seawater.  A 
large amount of research has been conducted in this area to understand how certain species (especially 
salmonid fishes, tilapia and eels) acclimate to changing salinity.   
Freshwater to Seawater Migration 
 Movement from freshwater to seawater requires a multitude of physiological changes to 
prevent loss of water and to switch from net ion uptake to net ion secretion.  The process of acclimation 
to seawater involves a period of osmoregulatory adjustment that is divided into an initial crisis phase, 
during which faster physiological changes occur, followed by a stabilization phase, during which slower 
physiological changes occur, before reaching a new steady state (Gordon, 1959; Bath and Eddy, 1979).  
Upon entry to seawater, fish begin drinking immediately to offset the osmotic loss of water (Bath and 
Eddy, 1979).  The ingested seawater stimulates the solute-linked transport of water through the active 
transport of Na+, K+ and Cl- into the blood stream.  A decrease in kidney glomerular filtration rate and 
urine production also occurs and is accompanied by a change in the water permeability of the kidney 
tubule, which enhances reabsorption of water from the glomerular filtrate.  The changes in the intestine 
and kidney lead to the procurement of water but result in a large salt load in blood plasma.  
 Teleosts normally maintain their plasma osmolality within a narrow range of 290 to 340 
mosmolkg-1 regardless of the salinity they are in (McCormick and Saunders, 1987).  Any prolonged 
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deviation from this range can result in problems.  This makes plasma osmolality and ion levels useful 
indicators of osmoregulatory capacity.  Studies on the acclimation of teleost fish to seawater have 
revealed a similar pattern in plasma ion and osmolality levels (Gordon, 1959; Parry, 1960b; Bath and 
Eddy, 1979; Madsen et al., 1996).  During the initial critical phase, ion (Na+ and Cl-) and osmolality levels 
increase quickly because at this point fish are drinking seawater but have yet to modify their gills to 
actively secrete ions.  During the stabilization phase, ion and osmolality levels decrease and level off at a 
new steady state due to the increased osmoregulatory capacity of the gills to secrete Na+ and Cl- and 
regulate their levels in blood plasma.  This new steady state can either be at the same levels as when the 
fish was in freshwater or may stabilize at slightly higher levels.  Muscle water content can also be used 
as an indicator of osmoregulatory capacity, which is especially useful with small fish due to the difficulty 
of obtaining a large enough quantity of plasma.  Along with the initial increase in plasma ion and 
osmolality increases, a decrease in muscle water content is observed during the crisis phase in several 
teleosts (Parry, 1960b; Madsen and Naamansen, 1989; Madsen, 1990a; Madsen, 1990b; Madsen et al., 
1996; Handeland et al., 1998; Sakamoto et al., 2001; Tipsmark et al., 2002).  Much like plasma ion and 
osmolality levels, muscle water content returns to levels at or near freshwater levels during the 
stabilization phase.  The total duration of this osmoregulatory adjustment period can differ between 
species and can range from hours to days to weeks.  The inability to regulate these ions and plasma 
water can lead to dehydration, which is thought to be the main cause of mortality during seawater 
acclimation (Jobling, 1995).  As discussed earlier the regulation of Na+ and Cl- is performed by the gill and 
appears to require an up-regulation of gill Na+/K+-ATPase activity. 
The gill chloride cells, main site of ion uptake and secretion, increase in size and abundance 
upon exposure to seawater (Eddy, 1982).  The morphology of these cells as well as the gill epithelia also 
changes considerably during seawater exposure.  Accessory cells in the gill epithelia adjacent to chloride 
cells send finger-like projections out to the apex of chloride cells (Laurent and Dunel, 1980) resulting in a 
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multicellular complex in which cells are connected by numerous and presumably “leaky” junctions 
(Sardet et al., 1979; Dunel-Erb and Laurent, 1980).  The apical membrane of chloride cells is concave and 
recessed below the surface of surrounding cells forming an apical crypt (Evans et al., 1999).  The 
basolateral membrane of chloride cells contains a tubular system made up of in-foldings of the plasma 
membrane.  During exposure to seawater the in-folding of the tubular system increases thereby 
increasing the surface area of the basolateral membrane (Philpott, 1980).  This presumably allows for 
the placement of a large number of ion transporters (e.g. Na+/K+-ATPase). The expression of the apical 
CFTR (Singer et al., 2002; Scott et al., 2004a) and basolateral NKCC (Tipsmark et al., 2002; Scott et al., 
2004a) and the expression and activity of the basolateral Na+/K+-ATPase (discussed in detail below) 
usually increase following exposure to seawater. 
An increase in gill Na+/K+-ATPase activity is likely critical for successful seawater acclimation 
since the Na+ and K+ gradients that it creates and maintains are used to power the activity of CFTR and 
NKCC.  Matais and Isaia (1972) confirmed the direct role of the Na+/K+-ATPase in teleost ionoregulation.  
They observed a reduction in branchial Na+ efflux from the European eel, Anguilla anguilla, within four 
minutes following the addition of ouabain, a specific Na+/K+-ATPase inhibitor, to the external medium.  
Ouabain was also found to inhibit Cl- efflux from the American eel, Anguilla rostrata, (Karnaky et al., 
1976; Silva et al., 1977).  Several studies have demonstrated branchial Na+ and Cl- efflux were dependent 
on external K+ concentrations (Maetz, 1969; Motais and Isaia, 1972; Evans et al., 1973) providing further 
support for the importance of the activity of the gill Na+/K+-ATPase.  Gill Na+/K+-ATPase activity is also 
positively correlated with rates of branchial Na+ efflux (Epstein et al., 1980), while plasma Na+ 
concentration is negatively correlated (Bornancin and DeRenzis, 1972).  Additionally, the time course for 
increased branchial Na+ efflux and rate of increase in gill Na+/K+-ATPase activity has been found to be 
similar following seawater acclimation (Bornancin and DeRenzis, 1972; Forrest et al., 1973; Evans and 
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Mallery, 1975; Epstein et al., 1980).  From the above observations, it is clear that there is a connection 
between the excretion of Na+ and Cl- from the plasma and gill Na+/K+-ATPase activity.  
Most studies have shown an increase in gill Na+/K+-ATPase activity when euryhaline teleosts 
acclimated to freshwater are transferred to seawater (McCormick and Saunders, 1987).  This is true for 
most species of anadromous salmonids (Folmar and Dickhoff, 1980), on which this migration has been 
most extensively studied.  Many other euryhaline species also increase gill Na+/K+-ATPase activity upon 
exposure to seawater.  For example the killifish, Fundulus heteroclitus, (Scott et al., 2004a), flounder, 
Plaichthys flesus (Stagg and Shuttleworth, 1982) and Paralichthys lethostigma (Tipsmark et al., 2008), 
Japanese eel, Anguilla japonica (Utida et al., 1971), striped bass, Morone saxatilis (Tipsmark et al., 2004), 
and three-spine stickleback, Gasterosteus aculeatus (Schaarschmidt et al., 1999), all increase gill Na+/K+-
ATPase activity when transferred to seawater. 
Seawater to Freshwater Migration 
 The movement from seawater to freshwater also requires a variety of physiological changes that 
work to prevent the gain of excess water and loss of ions to the environment; however, much less is 
known about these physiological processes compared to those involved in the migration from 
freshwater to seawater.  As fish acclimated to seawater enter freshwater they reduce drinking rates to 
combat further water accumulation (Bath and Eddy, 1979).  They also increase their kidney glomerular 
filtration rate (Jobling, 1995) allowing them to produce a very hypoosmotic urine to help combat the 
loss of further ions and to rid their bodies of any excess water.  Some ions lost to the environment are 
replenished through the diet but the majority is actively absorbed by the gill.  
 Much like when acclimating to seawater, acclimation to freshwater also has an osmoregulatory 
adjustment period.  During the initial exposure to freshwater, plasma ion (Na+ and Cl-) and osmolality 
levels decrease as ions are lost to the environment and the system is overwhelmed by excess water.  As 
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osmoregulatory changes in the gill occur to better handle the uptake of ions, the plasma ion and 
osmolality levels return toward normal levels and reach a steady state.  Initial exposure to freshwater 
results in an increase in muscle water content for several teleost species that returns to or near pervious 
seawater levels as osmoregulatory process adjust (Parry, 1960b; Lotan, 1973; Jensen et al., 1998; Kelly 
et al., 1999; Tipsmark et al., 2008).  As seen during seawater migrations, the inability to regulate plasma 
Na+ and Cl- levels can be detrimental to freshwater exposed fish. 
 As mentioned before, chloride cells are the location of active ion uptake in the gill.  The 
morphology of chloride cells and surrounding epithelia also undergo changes during freshwater 
acclimation.  In general the chloride cells in freshwater acclimated fish do not have as extensive of a 
tubular system as those acclimated to seawater (Pisam, 1981).  The apical membrane in freshwater 
acclimated fish is generally flush with or protruding above the surrounding cells (Evans et al., 2005).  
However, in some species, such as tilapia, apical crypts are still present (Perry, 1997). Chloride cells also 
form extensive intercellular junctions with surrounding cells to form relatively impermeable barriers to 
ions (Sardet et al., 1979; Ernst et al., 1980).  Following transfer to freshwater, accessory cells are rarely 
seen in the gill epithelia (Laurent and Dunel, 1980).   
The expression of ion transporters in chloride cells of fish acclimated to freshwater has also 
been investigated.  The expression of CFTR (Scott et al., 2004b; Tipsmark et al., 2004; Scott et al., 2005; 
Bystriansky and Schulte, 2011) and NKCC (Scott et al., 2004b; Scott et al., 2005; Tipsmark et al., 2008) 
has been observed to decrease during exposure to freshwater in some species while not being affected 
in others.  There has been much debate about the mechanism of Na+ uptake in the gill between the two 
models described above.  In support of the classic model, different NHE transporters have been localized 
in gill epithelia (Ivanis et al., 2008) and an increase in the expression of NHE in the gills has also been 
observed (Scott et al., 2005). For the current model, increased expression (Tipsmark et al., 2004) and 
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activity (Bystriansky and Schulte, 2011) of the V-type H+-ATPase has been observed in some species 
while no change has been seen in others (Scott et al., 2004a) following exposure to freshwater.  
However, no homolog of ENaC or its equivalent has been found in teleost genomes (Evans, 2008; Hwang 
et al., 2011).  Reviews on fish osmoregulation have described the importance of the gill Na+/K+-ATPase in 
the active uptake of ions in the current model as ‘uncertain’ (Perry, 1997) or ‘unclear’ (Evans et al., 
2005).  Despite its possibly ambiguous role, an increase in gill Na+/K+-ATPase activity following 
acclimation to freshwater as been observed in a variety of species including Artic char, Salvelinus alpinus 
(Bystriansky et al., 2007b), Atlantic salmon, Salmo salar (Bystriansky and Schulte, 2011), flounder, 
Platichthys flesus  (Stagg and Shuttleworth, 1982) and Gillichthys mirabilis (Doneen, 1981), killifish, 
Fundulus heteroclitus (Scott et al., 2004a; Scott et al., 2004b), milkfish, Chanos chanos (Lin et al., 2003), 
mullet, Mugil cephalis (Ciccotti et al., 1994) and Chelon labrosus (Gallis et al., 1979), pupfish, Cyprinodon 
salinus (Stuenkel and Hillyard, 1980), sea bass, Dicentrarshus labrax (Lasserre, 1971; Jensen et al., 1998), 
sea bream, Mylio macrocephalus (Kelly et al., 1999), sockeye salmon, Oncorhynchus nerka (Shrimpton et 
al., 2005) and striped bass, Morone saxatilis (Tipsmark et al., 2004).  Due to its central role in both the 
ion uptake model of freshwater fish and the active ion secretion model of marine fishes, extra focus has 
been placed on the importance of gill Na+/K+-ATPase as a key regulator of ion and water balance in fish.  
Despite this attention, the regulation of the Na+/K+-ATPase is still poorly understood.  
Na+/K+-ATPase 
 The Na+/K+-ATPase is a membrane bound, multi-subunit protein of the P-type ATPase family 
(Palmgren and Nissen, 2011).  Members of the P-type ATPase family use the hydrolysis of ATP to move 
cations against their electrochemical gradients (Blanco and Mercer, 1998).  The Na+/K+-ATPase cycles 
through different conformations and uses the hydrolysis of ATP to transport 3 Na+ out of the cell and 2 
K+ into the cell.  In doing so, the Na+/K+-ATPase maintains a low concentration of Na+ and a high 
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concentration of K+ inside the cell.  This creates steep concentration gradients that can be used by other 
membrane bound proteins to perform essential cellular functions. This function allows the Na+/K+-
ATPase to play an important role in the regulation of body fluid and salt balance (Blanco and Mercer, 
1998).  The subunits that are required for proper Na+/K+-ATPase enzymatic activity are the catalytic  
subunit and the regulatory  subunit (Blanco and Mercer, 1998; Mobasheri et al., 2000; Kaplan, 2002).  
The subunits combine to form a  heterodimer in a 1:1 ratio.  In addition, a third  subunit is 
sometimes associated with the Na+/K+-ATPase and appears to play a role in regulating overall pump 
kinetics (Blanco and Mercer, 1998). 
Na+/K+-ATPase Subunits 
 The  subunit of the Na+/K+-ATPase is made up of approximately 1000 amino acids and has a 
molecular weight of approximately 110 kDa (Kaplan, 2002).  It has binding sites for Na+, K+, ATP and the 
inhibitor ouabain as well as a phosphorylation site.  It is responsible for the catalytic and transport 
activity of the pump.  Both termini are located in the cytoplasm and it has 10 transmembrane domains 
with five exposed extracellular loops and three main intercellular structures.  Four α subunit isoforms 
have been identified in mammals (Mobasheri et al., 2000).  In mammals, the 1 isoform is considered 
the housekeeping isoform due to its abundance and ubiquitous expression.  The other isoforms have a 
more tissue specific expression with 2 being primarily expressed in muscles, 3 being primarily 
expressed mainly in the nervous system, and 4 only being found in the testis (Mobasheri et al., 2000). 
The  subunit is approximately 370 amino acids and is glycosylated, giving it a molecular weight 
between 40-60 kDa (Kaplan, 2002).  The amino terminal is located in the cytoplasm and it passes 
through the membrane only once with the rest of the protein located in the extracellular space.  The 
extracellular portion has three disulfide bridges that are required for proper function.  It is thought to be 
involved in the proper targeting and insertion of the α subunit into the plasma membrane, and 
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influences Na+ and K+ affinity as well as catalytic activity (Bystriansky and Kaplan, 2007).  Four  subunit 
isoforms have been identified in mammals (Kaplan, 2002).  The 1 isoform is ubiquitously expressed 
while the other three have a more tissue specific distribution.  2, also named adhesion molecule of glia 
(AMOG) is involved in mediating interactions between neurons and glia (Mobasheri et al., 2000), 3 is 
found in a variety of tissues including the brain, bone, kidney, lung, spleen, liver, intestines, and testis 
among others (Mobasheri et al., 2000; Blanco, 2005) and m, or 4, is found in muscle tissue (Blanco, 
2005). 
Different  and  isoforms combine with each other to form an / heterodimer.  Different 
subunit isoforms may combine in different tissues and have been shown to exhibit different enzyme 
kinetics and affinities for cations and ATP (Blanco and Mercer, 1998).  These slight differences in enzyme 
function may be very important in allowing the Na+/K+-ATPase to work most effectively under specific 
physiological conditions, or in different cell types.   
There is also a nonessential  subunit that has been identified (Blanco and Mercer, 1998).  It is 
between 8-14 kDa.  Its amino terminus is located in the extracellular space and it only crosses the 
plasma membrane once.  There is evidence that it can modify the function of the Na+/K+-ATPase (Blanco 
and Mercer, 1998; Therien and Blostein, 2000) but its exact function is yet to be determined. The 
evolution of several isoforms of the Na+/K+-ATPase and their tissue specific distribution suggests that 
each form of the enzyme has a specific cellular function or role to play.  The role or function of each 
isoform is still unclear and requires further investigation to elucidate. 
Na+/K+-ATPase α Subunit Isoform Switching 
 After decades of studies outlining the importance of gill Na+/K+-ATPase activity in the salinity 
acclimation of euryhaline fish species, an important breakthrough was made by Richards et al. (2003), 
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which unveiled a new level of complexity in understanding the regulation of the Na+/K+-ATPase.  In their 
study, five isoforms of the Na+/K+-ATPase  subunit were sequenced in rainbow trout tissues.  In general 
1a is found primarily in the gill, 1b is found primarily in the brain, eye, gill and kidney, 1c is 
ubiquitous, 2 is found in red and white muscle and 3 has a ubiquitous tissue distribution. 
During seawater acclimation of rainbow trout two  isoforms of the gill Na+/K+-ATPase were 
found to be differentially expressed (Richards et al., 2003; Bystriansky et al., 2006).  The 1b isoform 
was up regulated during seawater exposure while the 1a was down regulated.  This was later 
documented in both Atlantic salmon and Arctic char suggesting the original observation was exhibited 
by different salmonid species (Bystriansky et. al 2006).  The opposite expression pattern was also later 
documented in salmonids during their natural spawning migration from seawater to freshwater 
(Shrimpton et al., 2005; Bystriansky et al., 2007b) and following exposure to freshwater under 
laboratory conditions (Bystriansky and Schulte, 2011).  Together, these observations suggest that the 
expression of the 1b isoform is important for the acclimation to seawater, while 1a is important in 
the acclimation to freshwater.  The importance of isoform switching was also supported by the 
observation that landlocked Arctic char that fail to acclimate to seawater do not up regulate gill 1b 
isoform expression (Bystriansky et al., 2007a).  Since the original set of experiments conducted on 
salmonid fishes, this reciprocal expression pattern of 1 isoforms has also been observed in tilapia, 
Oreochromis mossambicus (Tipsmark et al., 2011), suggesting that this phenomena may occur in a wide 
range of euryhaline species.   
To further investigate this reciprocal salinity dependent Na+/K+-ATPase isoform regulation, this 
study examined the salinity acclimation of the three-spine stickleback to both freshwater and seawater.  
The three-spine stickleback is a euryhaline species known to tolerate a wide range of habitats that differ 
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greatly in their environmental salinity and has had its genome sequenced making it the perfect model to 
further examine the regulation of the Na+/K+-ATPase in differing salinities.   
Three-spine Stickleback 
 Three-spine stickleback, Gasterosteus aculeatus, are a small (about 5cm from snout to the end 
of the vertebral column), teleost fish found in coastal seawater, brackish water and a wide array of 
freshwater habitats throughout boreal and temperate regions of the northern hemisphere (Bell and 
Foster, 1994).  They occur around the margins of the Atlantic and Pacific oceans.  On the Atlantic coast 
of North America they range from southern Greenland south to Chesapeake Bay.  Freshwater 
populations occur throughout this range north of Maine.  On the Pacific coast of North America they 
range from Alaska south to Baja California, Mexico.  Populations can be of marine, anadromous, or 
resident freshwater forms.  The marine form generally lives close to the coast but can be found in the 
open ocean.  The freshwater forms can live in a wide variety of habitats including small floodplain pools, 
lakes of various sizes, rivers and streams.   
Due to its adaptation to a variety of habitats, G. aculeatus is a phenotypically diverse 
superspecies (Bell, 2001) that is centered around the marine form that has, based on the fossil record, 
changed very little over the past 10 million years (Bell, 1994).  The widely accepted model of 
diversification in the G. aculeatus-complex is based on the repeated and independent invasion of marine 
and anadromous ancestors into freshwater habitats following deglaciation (Münzing, 1963; Bell, 1995). 
The melting of glaciers at the end of the ice age resulted in the formation of new freshwater habitats 
throughout the Northern hemisphere that were colonized by marine and anadromous ancestors.  Many 
of these newly formed freshwater populations became landlocked, separating them from other 
stickleback populations creating a variety of diverse stickleback populations. Over the past 10,000 to 
15,000 years isolated freshwater populations of stickleback have been diverging from their marine 
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ancestors and exhibit differences in body size, number of dorsal spines, pattern and number of lateral 
plates, pelvic fin development and behavior (Östlund-Nilsson et al., 2007). 
During their life cycle, three-spine stickleback may be exposed it to a variety of environmental 
conditions including changing salinity.  All population types complete a migration during the breeding 
season and build a benthic nest, a structure built on the bottom of a body of water in which eggs are 
incubated (Guderley, 1994).  Freshwater populations migrate short distances and remain within their 
environment throughout the reproductive season and are therefore not exposed to changes in salinity.  
Marine and anadromous populations must migrate either back to the coast or into freshwater to 
reproduce.  Depending on the exact environment chosen to reproduce in, these populations may move 
from the very stable marine environment to a coastal region such as an estuary with highly fluctuating 
salinities or a freshwater stream or lake.  Anadromous populations experience the greatest changes in 
salinity during their breeding migration by far. 
Research on salinity tolerance and osmoregulatory mechanisms of the three-spine stickleback 
has mostly focused on the lateral plate number rather than the life history of the fish being studied, with 
many studies not specifying the life-history of the fish used (Guderley, 1994).  Three lateral plate morphs 
occur in the stickleback: complete, partial and low-plated morphs (Hagen and Gilbertson, 1972).  
Generally the completely plated morphs have an anadromous or marine life history while the low-plated 
morphs are found in freshwater, exceptions do exist.  Due to the way that the freshwater stickleback has 
diverged from marine ancestors, populations may vary in their ability to handle different salinities. 
However, in general all lateral plate morphs are able to tolerate salinity fluctuations fairly well 
(Guderley, 1994).   
The chloride cells of completely plated stickleback have an abundance of mitochondria, highly 
developed agranular endoplasmic reticulum and functional asymmetry in cell membranes, which are 
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features typical of ion-transporting cells (Matej, 1980 adapted from Guderley, 1994) and were present in 
fish adapted to both freshwater and seawater (Matej et al., 1981 adapted from Guderley, 1994). 
Mitochondria were in greater abundance in the seawater fish.  Upon examining the gills of completely 
plated stickleback transferred from seawater to freshwater, the gills displayed an increase in apical 
surface area (Biether, 1970 adapted from Guderley, 1994), a morphological change consistent with 
enhanced ion uptake.  
The osmoregulatory response of laboratory-reared offspring of completely plated stickleback 
collected from the seashore was compared to offspring from low-plated stickleback collected from 
inland freshwater ditches (Gutz, 1970 adapted from Guderley, 1994).  The offspring of the completely 
plated morph increased oxygen consumption during transfer from fresh to seawater, presumably due to 
the cost of tissue modifications and the active secretion of excess ions.  The offspring of low-plated 
morph fish, when transferred from fresh to seawater, exhibited a volume regulatory response during 
which tissue free amino acid concentrations rose, presumably due to an increase in plasma osmolarity.  
No increase in oxygen consumption was seen.  Regulating volume by changing the concentration of 
organic solutes, such as free amino acids and small carbohydrates, has the benefit of not perturbing 
macromolecular structure and function like changes in ion concentration could.  Schaarschmidt et al. 
(1999) found taurine to be the most important organic osmolyte in the acclimation of a freshwater and 
two brackish water populations of stickleback acclimated to 10‰ before being transferred to either 
freshwater (0.3‰) at 4oC and 15oC or brackish water (20‰) at 4oC and 15oC.  While cellular volume 
regulation is part of the teleost osmoregulatory repertoire (King and Goldstein, 1983), the response has 
been reduced through the action of the gills, kidney and intestine to maintain hypotonicity in seawater 
and hypertonicity in freshwater.   
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Migratory behavior and salinity tolerance of three-spine sticklebacks varies with the seasons and 
may be influenced by the breeding season.  The breeding season begins in spring and ends in autumn 
with some variation in populations depending on latitude.  Anadromous forms show a preference for 
freshwater in the spring and seawater in the winter (Lam and Hoar, 1967).  The freshwater, low-plated 
morph can tolerate salinities as high as 45‰ outside of the breeding season but loses this tolerance 
when reproductively mature (Knoch and Heuts, 1942 adapted from Guderley, 1994).  Since they breed in 
the summer, the environmental changes that come with changing seasons may also help to initiate the 
migratory behavior and therefore salinity tolerance.  Two of these environmental changes may be the 
photoperiod and temperature.  As the days get longer and the temperature increases in late winter 
early spring, anadromous forms seem to prefer lower salinity levels (Baggerman, 1957 adapted from 
Guderley, 1994).  Anadromous, completely plated morphs collected in early spring that were acclimated 
to long day length also preferred low salinities (Audet, 1985).  As the days begin to get shorter in 
autumn, they begin to prefer higher salinity levels. However, Baggerman (1957 adapted from Guderley, 
1994) found that salinity preference shifted in anadromous forms at the end of the breeding season 
even though day lengths remained long.  The termination of reproduction may shift salinity preference 
through changes in hormones associated with the reproduction cycle.   
Salinity tolerance may vary with developmental stage (Gerking and Lee, 1980).  Eggs and fry 
have a higher surface to volume ratio and may not have as highly developed osmoregulatory capacities 
as their adult counterparts.  In a study by Campeau et al. (1984), anadromous males were allowed to 
care for their eggs until they hatched at a salinity of 20‰ and at different intervals post hatching the 
salinity tolerance of the fry were examined.  Significantly higher mortalities were seen at 0 and 28‰ in 
week old fry than at the control salinity (21‰).  Clearly the salinity the fry are raised in determined their 
salinity tolerance initially but by five weeks the fry were euryhaline.  Juvenile anadromous three-spine 
stickleback remain on the breeding grounds longer than adults and don’t seem to prefer higher salinity 
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levels until two months after hatching (Guderley, 1994).  Their migration to seawater may be more 
influenced by photoperiod than adult anadromous stickleback, preferring to remain in freshwater during 
the long days of summer and then migrating to seawater, as the days grow shorter in autumn.  
The genome of the three-spine stickleback was fully sequenced by the summer of 2005 and the 
first whole genome assembly was released to in February 2006 (Kingsley and Peichel, 2007).  Having 
access to this full genome is a valuable tool we can use to identify which Na+/K+-ATPase subunit isoforms 
are present in the genome, as well as for creating primers for determining mRNA levels of each 
individual Na+/K+-ATPase isoform. 
The focus of my thesis was to examine the regulation of gill Na+/K+-ATPase in three-spine 
stickleback during salinity acclimation. At this point there is very little information available on how 
three-spine stickleback modify their osmoregulatory tissues to acclimate to changing salinity.  The aim of 
this study was to further understand how salinity regulates the expression of Na+/K+-ATPase  subunits 
by testing the hypothesis that two of the gill Na+/K+-ATPase  subunits in three-spine stickleback would 
show reciprocal regulation when acclimating to different salinities.   
 
 
 
 
 
  
 25 
 
 
 
 
Chapter 2: Na+/K+-ATPase isoform regulation in three-spine 
stickleback (Gasterosteus aculeatus) during salinity acclimation 
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Abstract 
The three-spine stickleback, Gasterosteus aculeatus, is a euryhaline fish species that inhabits a 
wide variety of environments ranging from freshwater to seawater with some freshwater populations 
being landlocked.  Gill Na+/K+-ATPase plays an important role in regulating whole body ion and water 
balance in fish. The relative expression of Individual Na+/K+-ATPase isoforms is known to change in some 
euryhaline species during acclimation to changing salinity.  The genome of G. aculeatus has been 
sequenced and four Na+/K+-ATPase isoforms have been identified making them an ideal species to study 
the mechanisms of regulation of individual isoforms. This study examined the expression of three 
isoforms of Na+/K+-ATPase in the gill of wild G. aculeatus collected from either freshwater or seawater 
habitats.  Fish were transferred to either seawater or freshwater respectively and gill Na+/K+-ATPase 
activity and expression were monitored.  Both marine and freshwater stickleback were able to regulate 
plasma chloride levels and muscle water content, suggesting they can successfully acclimate to changing 
salinity.  This is consistent with other studies.  Marine fish transferred to freshwater showed a significant 
increase in gill Na+/K+-ATPase activity while freshwater fish transferred to seawater did not.  No 
significant change in mRNA expression was seen in either ATP1A3 isoforms following freshwater or 
seawater acclimation.  However, a significant decrease was seen in the ATP1A1 isoform when 
acclimating to freshwater and a significant increase in the ATP1A1 isoform when acclimating to 
seawater, suggesting G. aculeatus also displays isoform specific Na+/K+-ATPase regulation. 
1. Introduction 
 Teleost fishes are either classified as stenohaline, only able to survive in a narrow range of 
salinities, or euryhaline, able to survive in a wide range of salinities. In order to acclimate to changing 
osmotic and ionic stresses, euryhaline fishes must reorganize the physiology of their osmoregulatory 
tissues, including the gills, kidney and intestine to maintain proper ion and water balance. The gills are 
primarily responsible for the active uptake of ions by freshwater fish and their secretion in marine fish 
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(reviewed in Evans et al., 2005).  When a euryhaline fish encounters a change in salinity, the ion flux of 
their gills must change accordingly, to suit their new environment.  
The gill Na+/K+-ATPase plays an important role in regulating plasma Na+ and Cl- levels in both 
marine and freshwater fishes.  It does this by creating and maintaining large Na+ and K+ gradients across 
the basolateral membrane of the gill, which are then used to actively move ions into or out of the fish 
depending on their environment.  In seawater acclimated fish, gill Na+/K+-ATPase is considered the 
exclusive driving force for the secretion of excess plasma Na+ and Cl- (Silva et al., 1977), making the 
regulation of its activity critical for successful osmoregulation.  The role of Na+/K+-ATPase in the uptake 
of Na+ and Cl- by freshwater fish is not as well understood (Evans et al., 2005), but does appear to be 
central to the workings of two proposed ion uptake models.  The current model combines the activity of 
an apical V-type H+-ATPase to generate a favorable electrochemical gradient that drives Na+ uptake 
through an apical Na+ channel into the cell (Avella and Bornancin, 1989). The classic model, originally 
proposed by Krogh (1938), involves an electroneutral Na+/H+ exchanger on the apical membrane that 
transports Na+ into the cell in exchange for H+ (Kersetter et al., 1970; Perry and Gilmour, 2006).  In both 
models the Na+/K+-ATPase then moves the Na+ across the basolateral membrane out of the cell and into 
the blood, thereby maintaining a low intracellular Na+ concentration that improves the gradient for 
apical Na+ uptake. The Na+/K+-ATPase is therefore critical to ion balance in teleost fishes, regardless of 
the environment in which they live.  The movement of euryhaline fish between salinities requires the gill 
to change between an ion secreting tissue and a tissue that actively uptakes ions. 
 The functional Na+/K+-ATPase is made up of two essential protein subunits, a catalytic  subunit 
and a glycoprotein  subunit that combine in a 1:1 ratio to create an  heterodimer (Mobasheri et al., 
2000).  Previous research on seawater acclimation of salmonid fishes (salmon, char and trout) has 
shown that two Na+/K+-ATPase  subunit isoforms are differentially expressed in the gills (Richards et 
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al., 2003; Bystriansky et al., 2006).  The 1b isoform is up-regulated during seawater exposure while the 
1a is down regulated.  The opposite expression pattern is seen in salmonids exposed to freshwater 
during their natural spawning migration (Shrimpton et al., 2005; Bystriansky et al., 2007b) and under 
laboratory conditions (Bystriansky and Schulte, 2011). These observations suggest that the 1b isoform 
is important for successful acclimation to seawater, while 1a is important for acclimation to 
freshwater.  This is further supported by the observation that landlocked Arctic char that fail to 
acclimate to seawater do not up regulate gill 1b expression (Bystriansky et al., 2007a).  Recently this 
reciprocal expression pattern of 1 isoforms was also observed in tilapia, Oreochromis mossambicus 
(Tipsmark et al., 2011), suggesting that this phenomena can occur in other fishes as well.  In order to 
better understand the role of different gill Na+/K+-ATPase isoforms in ion regulation of freshwater, 
marine and euryhaline fish further studies are needed. 
The euryhaline three-spine stickleback, Gasterosteus aculeatus, is a small, streamlined teleost 
found in coastal marine, brackish water and a wide array of freshwater habitats throughout boreal and 
temperate regions of the northern hemisphere (Bell and Foster, 1994). Many freshwater populations 
have become landlocked, separated from the ocean by natural barriers, making them an interesting 
species to study the evolution of salinity tolerance.  The widely accepted model used to describe the 
diversification and distribution of the G. aculeatus-complex is based on the repeated and independent 
invasion of marine ancestors into freshwater habitats following deglaciation (Münzing, 1963; Bell, 1995). 
As different freshwater populations are descendants of marine ancestors that invaded freshwater at 
different times, landlocked populations may have different osmoregulatory capacities due to a loss of 
salinity tolerance (Guderley, 1994).  Landlocked populations of other euryhaline fish species, including 
sockeye salmon (Foote et al., 1992), Atlantic salmon (Burton and Idler, 1984; Birt and Green, 1993) and 
Arctic char (Staurnes et al., 1992; Eliassen et al., 1998; Bystriansky et al., 2007b) have been shown to 
have a reduced or very limited capacity to tolerate seawater.  The reason for this loss of seawater 
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tolerance is not understood and requires greater study.  To understand the mechanisms that limit 
salinity tolerance, the three-spine stickleback makes an ideal model species to study as their evolution 
and bio-geographical distribution has been so well studied (Bell and Foster, 1994; Östlund-Nilsson et al., 
2007).  The genome of the three-spine stickleback has been fully sequenced (Kingsley and Peichel, 
2007), providing a useful resource to further understand the physiology of osmoregulation in euryhaline 
fishes. 
Past research on salinity tolerance and osmoregulation in the three-spine stickleback has 
focused on the lateral plate morph rather than on the life history of the fish, with many studies not 
specifying the life-history of the fish used (Guderley, 1994).  Three lateral plate morphs occur in the 
stickleback: complete, partial and low-plated (Hagen and Gilbertson, 1972).  Generally the completely 
plated morph was considered marine or anadromous while the low-plated morph was considered to be 
the freshwater form; however, exceptions do exist.  An increase in oxygen consumption was seen in the 
transfer of complete and partial plated morphs from freshwater to seawater indicating the 
osmoregulatory changes required are energetically expensive (Gutz, 1970 adapted from Guderley, 
1994).  The low-plated morph, on the other hand, do not increase their oxygen consumption but use a 
cell volume regulatory mechanism in which they increase the concentration of free amino acids 
available, a response that may not be as effective.  When stickleback caught from freshwater and 
brackish water populations, acclimated to 10‰, were transferred to 35‰ seawater an increase in 
Na+/K+-ATPase activity was observed (Schaarschmidt et al., 1999).  These populations also showed high 
levels of taurine, an organic osmolyte used in cell volume regulation, when acclimating to freshwater 
and 20‰ brackish water.  Salinity tolerance varies seasonally and is controlled by hormones under the 
influence of day length and temperature associated with the breeding season and or developmental 
stage (Baggerman, 1957; Campeau et al., 1984; Guderley, 1994).  Despite these findings, little research 
has been done on the gill physiology of ion regulation in the stickleback. 
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 This study examined the role and regulation of gill Na+/K+-ATPase in the acclimation of three-
spine stickleback to changing salinity.  Wild marine caught fish were acclimated to freshwater for 14 
days, over which time the activity and mRNA expression patterns of individual Na+/K+-ATPase α subunit 
isoforms were monitored.  The same parameters were measured in gills of three-spine stickleback 
collected from a freshwater population following acclimation to full strength (32‰) seawater.  We 
predicted that both populations would be able to acclimate to changing salinity and that Na+/K+-ATPase 
activity would increase during acclimation to both increasing and decreasing salinity.  We also predicted 
that two of the α subunit isoforms would show a reciprocal expression pattern as seen in other species, 
with the expression of one isoform increasing upon exposure to seawater and the other upon exposure 
to freshwater. 
2. Methods 
2.1 Animals 
Three-spine stickleback (Gasterosteus aculeatus) were collected from both freshwater and 
marine habitats in the Sunshine coast region of British Columbia, Canada using unbaited minnow traps. 
Freshwater three-spine stickleback were collected from Lily Lake, British Columbia, Canada (49°36'45''N, 
124°01'20''W) and marine three-spine sticklebacks were collected from Oyster Lagoon, Pender Harbor, 
British Columbia, Canada (49o32’, 124o2’). This freshwater population has been isolated since 
approximately 11,000 BP when the existing lakes and streams in the area formed after isostatic rebound 
that occurred after lowlands in the area were covered by seawater as the glacier ice in the area receded 
(Foster, 1994).  Fish were held in large bags supplemented with oxygen, placed in coolers with ice packs 
and transported back to the University of British Columbia.  At the University of British Columbia, fish 
were held in 75-gallon aquaria, containing either dechlorinated freshwater or artificial seawater (32‰) 
(Instant Ocean, Madison, WI, USA) matching the salinity of the environment they were collected from. 
The aquaria were housed in an environmental chamber held at 15oC with a 12:12 photoperiod.  Fish 
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were fed blood worms to satiation daily and held for at least one month under these conditions to allow 
for acclimation to the lab before the start of experiments.  All experimental procedures fully comply 
with Canadian Council of Animal Care guidelines (protocol no. A07-0288). 
2.2 Phylogenetic Analysis 
 A phylogenetic analysis was completed to see how each of the stickleback isoforms grouped 
with other known Na+/K+-ATPase  subunit isoforms as well as to confirm the annotations of the 
stickleback genome.  To perform a phylogenetic analysis, three-spine stickleback Na+/K+-ATPase  
subunit protein sequences were obtained from Ensembl: stickleback ATP1A1 (ENSGACG00000014324); 
stickleback ATP1A2 (ENSGACG00000017683); stickleback ATP1A3 (1 of 2) (ENSGACG00000009524); 
stickleback ATP1A3 (2 of 2) (ENSGACG00000001959).  For  subunits with multiple transcripts in the 
genome, all transcripts were used.  Protein sequences of other Na+/K+-ATPase  subunits were obtained 
from GenBank: chicken 1 (J03230); chicken 2 (P24797); chicken 3 (P24798); eel (Q92030); human 
1 (NP000692); human 2 (NP000693); human 3 (NP689509); human 4 (NP653300); killifish 1 
(AY05702); killifish 2 (AY057073); mouse 3 (NP659170); mouse 4 (Q9WV27); rat 1 (NP036636); rat 
2 (NM012505); rat 3 (NP036638); rat 4 (NP074039); tilapia 1a (U82549); tilapia 1b (TMU82549); 
tilapia 3 (AF109409); torpedo ray (P05025); trout 1a (AY31931); trout 1b (AY319390); trout 1c 
(AY319389); trout 2 (AY319387); trout 3 (AY319388); whitesucker (X58629); Xenopus 1 (Q92123); 
Xenopus 2 (NM001089643); Xenopus 3 (NM001086971); zebrafish 1 (AF286372); zebrafish 2 
(AF286373); zebrafish 3 (AF286374); zebrafish 4 (AF308598); zebrafish 5 (AF308599); 
zebrafish 6 (ZY008376); zebrafish 7 (AY008375); zebrafish 8 (AY008376); fruitfly (AAF5586). 
Nomenclature for stickleback  subunit isoforms was annotated in the genome.  Nomenclature for 
 subunit isoforms of the other fish species used were based primarily on tissue distribution or 
perceived function in comparison with trout  subunit isoforms.  Sequences were aligned using 
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ClustalW and phylogenetic analysis was performed using the neighbor-joining method using 
MEGA5 software.  The support for each node was assessed using 500 bootstrap replicates.   
2.3 Salinity Acclimation Experiment 
This study consisted of two experiments, one which transferred stickleback of marine origin to 
either seawater (control) or freshwater (experimental), and one which transferred stickleback collected 
from a landlocked freshwater environment to either freshwater (control) or seawater (experimental).  
To start each experiment, fish were transferred directly from their holding tank to either a control 
aquarium (containing water of the same salinity as the holding tank, 0‰ or 32‰ saltwater) or to an 
experimental tank containing water of the alternate salinity (0‰ or 32‰ saltwater).  A separate control 
and experimental group was used for sampling after 6 hours, 1, 2, 4, 7 and 14 days.  Each experimental 
or control group consisted of eight fish.  A total of 96 stickleback were used for each experiment (8 fish 
per group x 2 conditions (control vs. experimental) x 6 time points). Stickleback of marine origin had an 
average weight of 1.8±0.04 grams, and 60.4±0.42 mm fork length.  Stickleback of freshwater origin had 
an average weight of 1.3±0.03 grams, and 54.2±0.43 mm fork length.  Mean fish size was not statistically 
different between sampling groups within the same experiment (p>0.05), however marine fish were 
significantly larger than freshwater collected individuals (p<0.001).  The temperature and salinity of all 
aquaria were monitored daily.  Fish were fed bloodworms to satiation every second day, except on the 
day before, on, and after transfer as well as the day before or of sampling.  
2.4 Tissue Sampling 
Six hours, 1, 2, 4, 7 and 14 days following transfer fish were collected from their aquarium and 
transferred to an aesthetic bath containing MS-222 (100mg/L) buffered with sodium bicarbonate 
(100mg/L).  After approximately two minutes, fish lost equilibrium and stopped responding to external 
stimuli.   Fish were blotted dry and weight and fork length were measured.  Following caudal severance 
blood samples were collected using a heparinized capillary tube and centrifuged for 5 minutes.  Plasma 
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was extracted from the capillary tube and frozen in liquid N2.  Immediately after taking the blood 
sample, the spinal cord was severed and gill samples were taken and immediately frozen in liquid N2.  A 
white muscle sample was collected and placed into a pre-weighed aluminum weigh boat for 
determination of muscle water content.   
2.5 Plasma Analysis  
 Plasma chloride levels were measured using a HBI Digital Chloridometer (Haake Buchler 
Instruments Inc., Sadlebrook, NJ, USA).   For some individuals, the volume of plasma collected was not 
adequate to perform chloride analysis, therefore sample sizes ranged from 3 to 8 for the seawater to 
freshwater experiment, and from 4 to 8 for the freshwater to seawater experiment. 
2.6 Muscle Water Content 
White muscle samples were placed in pre-weighed aluminum weigh boats and re-weighed to 
determine muscle wet weight.  Samples were then placed in a 60oC drying oven to dehydrate and re-
weighed every second day until the weights stabilized.  This weight was considered the dry weight and 
was compared to wet weight to calculate the original percent muscle water content. 
2.7 Measurement of gill Na+/K+-ATPase activity 
Gill filaments were homogenized on ice in SEID (pH = 7.5, 150 mmolL-1 sucrose. 10 mmolL-1 
EDTA, 50 mmolL-1 imidazole, 0.1% sodium deoxycholate) buffer using a ground-glass homogenizer.  
Homogenates were centrifuged for 1 min (4oC) at 3,000g to remove gill filaments and other insoluble 
material.  The supernatant was used directly in the assay of gill Na+/K+-ATPase activity, which was 
determined at 15oC.  Na+/K+-ATPase activity was measured by a method modified from Hu and Kaplan 
(2000) by monitoring the difference in the amount of inorganic phosphate (Pi) liberated from gill 
homogenates in the presence and absence of the Na+/K+-ATPase-specific inhibitor ouabain.  A final 
concentration of 1mmolL-1 ouabain was used and was previously determined to fully inhibit Na+/K+-
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ATPase activity in Atlantic salmon gill tissue (Bystriansky et al., 2006).  Pi liberated during ATP hydrolysis 
was determined by the method of Brotherus et al. (1981).  Homogenate protein concentrations were 
determined using the Bradford method (Bradford, 1976).  All Samples were run in duplicate.  Gill Na+/K+-
ATPase activity was not determined for the 6 hour, 2 day and 7 day control groups.  For the seawater to 
freshwater experiment all groups had a sample size of 8.  For the freshwater to seawater experiment all 
groups had a sample size of 8 except for the seawater 4 days group (n=4) and seawater 14 days group 
(n=6). 
2.8 Measurement of gill Na+/K+-ATPase  subunit isoform mRNA expression 
 Total RNA was extracted from gill samples using TriZol isolation reagent (Invitrogen, Carlsbad, 
CA, USA) using the guanidine thiocyanate method (Chomczynski and Sacchi, 1987).  Isolated total RNA 
was quantified spectophotometrically using a NanoDrop 2000c spectrophotometer (Thermo Fisher 
Scientific Inc., Waltham, MA, USA).  All RNA used was found to be of very high purity.  RNA was stored at 
-80oC.  First strand cDNA was synthesized from 5μg of total RNA using a high capacity cDNA reverse 
transcription kit (Applied Biosystems, Foster City, CA, USA).  Quantitative RT-PCR (qRT-PCR) was 
performed on an ABI StepOnePlus Real-Time PCR system (Applied Biosystems).  PCR reactions contained 
2μl of cDNA, 150 pmol of each primer, and Universal SYBR Green Master Mix (Applied Biosystems). In 
the seawater to freshwater transfer experiment three different endogenous reference genes were 
tested.   Eukaryotic elongation factor 1 alpha and beta-actin were not found to be stably expressed in all 
control and experimental groups; however, L13A ribosomal binding protein (L13A RBP) was found to be 
a suitable control gene. L13A RBP primers were developed by Hibbeler et al. (2008) and listed in Table 1, 
along with all other primers used in this study.  In the freshwater to seawater transfer experiment four 
endogenous reference genes were tested.  Eukaryotic elongation Factor 1 alpha, L13A RBP and ubiquitin 
were not found to be stably expressed in all control and experimental groups, therefore 18s ribosomal 
RNA was used as a control gene.  18s primers were developed by Katsiadaki et al. (2010).  Homologous 
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genes from other teleost fish were used to find gene sequences in the three-spine stickleback genome.  
The genome of the three-spine stickleback contains four Na+/K+-ATPase  subunit isoforms, ATP1A1, 
ATP1A2, ATP1A3 (1 of 2) and ATP1A3 (2 of 2).  The ATP1A1 isoform has four transcripts, which are 85-
91% similar (at the cDNA level) with the greatest difference being in the fourth transcript.  The ATP1A2 
isoform only has one transcript.  The ATP1A3 (1 of 2) isoform has four transcripts, which are 92-99% 
similar.  The ATP1A3 (2 of 2) isoform has two transcripts, which are 99% similar.  Primers were designed 
using Primer Express software (version 2.0.0; Applied Biosystems; see Table 1) to determine relative 
ATP1A1, ATP1A3 (1 of 2) and ATP1A3 (2 of 2) expression.  Due to very few sequence differences 
between transcripts for each gene, primers could not be developed to distinguish individual transcripts.  
Therefore, general primers were designed to amplify all transcripts for each gene, with the exception of 
ATP1A1 in which primers were designed to recognize three of the four possible gene transcripts.  Since 
the 2 isoform is primarily muscle specific, primers for ATP1A2 were not developed.  qRT-PCR reaction 
conditions were conducted as described previously (Bystriansky et al., 2006) and the presence of a single 
product was confirmed through a melt curve analysis. Negative control reactions for qRT-PCR were 
performed with original total RNA from several representative samples to determine potential genomic 
DNA contamination.  For all genes monitored, the observed ratio of amplification was found to be at 
most 1:1400 compared to the same normally reverse transcribed sample, suggesting genomic 
contamination was negligible. The relative mRNA quantity of each gene for each gill sample was 
normalized to an endogenous reference (L13A RBP for sticklebacks of marine origin and 18s for 
sticklebacks of freshwater origin) and expressed relative to the mean value for the sticklebacks 
acclimated to seawater (control) for day 1 for those of marine origin or for the sticklebacks acclimated 
to freshwater (control) for day 1 for those of freshwater origin.  For the seawater to freshwater 
experiment, all genes but ATP1A3 (1 of 2) (n=7) had a sample size of 8 per sampling time point.  For the 
freshwater to seawater experiment, all genes had a sample size between 5 and 8 per sampling time 
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point, due to mortality of fish in the study.  ATP1A3 (2 of 2) levels for the 14 days groups were not 
determined in the freshwater to seawater experiment due to a shortage of cDNA. 
2.9 Statistical Analysis 
 All data are presented as means ± S.E.M.  An analysis of variance (ANOVA) was used to compare 
control and experimental groups for each parameter measured for each experiment.  Post-hoc 
comparisons were made using Fisher’s Least-Significant-Difference test.  For all comparisons, p<0.05 
was considered significant.  Since gill Na+/K+-ATPase activity was not determined for the 6 hour, 2 day 
and 7 day control groups direct time matched comparisons could not be made.  Analysis of gill Na+/K+-
ATPase activity revealed that activity did not change over time in the control groups (p>0.05).  
Therefore, control data was pooled for comparison with individual experimental groups.  
3. Results 
3.1 Phylogenetic Analysis of Na+/K+-ATPase  subunit isoforms 
 All stickleback isoforms grouped with other known Na+/K+-ATPase  subunit isoforms as 
expected based on their annotations in the genome (Figure 1). 
3.2 Seawater to Freshwater Transfer 
All three-spine stickleback in this experiment survived transfer from seawater to freshwater and 
maintained a healthy appetite suggesting these fish were in good health throughout the experiment.  
3.2.1 Plasma Chloride and Percent Muscle Water 
Within six hours following freshwater transfer, three-spine stickleback plasma chloride levels 
were significantly reduced (p<0.001) compared to control fish (Figure 2).  These levels continued to 
decline reaching a minimum at 2 days after transfer to freshwater before increasing, but remained 
lower than control levels even after 7 and 14 days exposure. Plasma chloride levels in control fish 
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fluctuated significantly over the course of the experiment being slightly elevated at 6 hours (p<0.010), 1 
(p<0.004) and 14 (p<0.021) days compared with other controls. 
 Following transfer to freshwater, percent muscle water content was maintained relatively 
constant in three-spine stickleback except for a small decrease seen 4 days following transfer (Figure 3).  
Percent muscle water content remained constant in control fish throughout the experiment. 
3.2.2 Gill Na+/K+-ATPase Activity 
 Gill Na+/K+-ATPase activity increased marginally over the first 2 days of freshwater acclimation 
before declining slightly at 4 days.  Levels increased significantly (p=0.007) by approximately 40% 
following 7 days of freshwater exposure before returning to near control levels by day 14 (Figure 4).  Gill 
Na+/K+-ATPase activity remained constant in control fish. 
3.2.3 Gill Na+/K+-ATPase  subunit isoform mRNA expression 
ATP1A1 
 ATP1A1 mRNA levels declined significantly (p<0.001) following freshwater exposure reaching a 
minimum at 4 days post transfer (36.5% decrease) (Figure 5).  Levels in control groups did fluctuate 
slightly over time; however, these changes were not found to be statistically significant.  
ATP1A3 (1 of 2) and ATP1A3 (2 of 2) 
ATP1A3 (1 of 2) and ATP1A3 (2 of 2) mRNA levels appeared to be unchanged due to salinity 
change (Table 2). At 6 hours post transfer, ATP1A3 (1 of 2) levels in control fish were significantly higher 
(p<0.009) than levels at other time points, but by day 1 these levels stabilized and remained unchanged 
for the remainder of the experiment.  
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3.3 Freshwater to Seawater Transfer 
Eight fish were transferred to either control (freshwater) or seawater aquaria to be sampled at 
each of the 6 time points.  Three fish from the 4 day and two fish from the 14 day seawater transferred 
groups died leaving a sample size of 5 and 6 respectively.   
3.3.1 Plasma Chloride and Percent Muscle Water 
 Within 6 hours of seawater exposure, plasma chloride levels increased significantly (p<0.001) 
compared to control fish (Figure 6).  These levels continued to increase reaching a maximum at 1 day 
(55.4% increase) before returning to control levels by 4 days.  Plasma chloride levels remained constant 
in control fish throughout the experiment. 
 Following transfer to seawater, muscle water content decreased significantly (p<0.001) within 6 
hours reaching a minimum at 1 day (Figure 7).  These levels fluctuated slightly but not significantly 
between 4 and 7 days before returning to control levels by 14 days.  Muscle water content in control fish 
fluctuated significantly over time (p=0.19), being slightly elevated at 6 hours (p<0.001) and slightly 
decreased at 4 (p<0.001) and 7 (p<0.001) days compared to other controls. 
3.3.2 Gill Na+/K+-ATPase Activity 
Gill Na+/K+-ATPase activity remained stable in control fish throughout the experiment.  Following 
seawater transfer, activity increases by approximately 28% over time, however this change was not 
statistically significant (Figure 8).   
3.3.3 Gill Na+/K+-ATPase  subunit isoform mRNA expression 
ATP1A1 
 Gill ATP1A1 mRNA levels increased significantly (p<0.001) by approximately 3 fold within 1 day 
of seawater exposure before decreasing but remaining significantly (p=0.013) elevated at 2 days (Figure 
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9).  ATP1A1 expression returned to control levels by 4 days post transfer.  Expression levels remained 
constant in control fish. 
ATP1A3 (1 of 2) and ATP1A3 (2 of 2) 
 ATP1A3 (1 of 2) and ATP1A3 (2 of 2) mRNA levels appeared to be unchanged due to changes in 
salinity (Table 2).  For ATP1A3 (1 of 2) there were significant increases compared to control levels at day 
2 (p<0.001) and 7 (p=0.008) with levels remaining at the control level at day 4.  Expression levels 
remained constant in control fish.  Overall there was no obvious trend in the data.  For ATP1A3 (2 of 2) 
the only significant difference was at day 1 (p=0.002).  The control levels remained constant. 
4. Discussion 
 This study showed that both marine and freshwater populations of three-spine stickleback were 
able to successfully acclimate to changing salinity, suggesting they have not lost the full capacity to 
osmoregulate in either freshwater or seawater.  This is consistent with other studies (Campeau et al., 
1984; Audet, 1985; Guderley, 1994; Schaarschmidt et al., 1999).  Based on mortality rates, plasma 
chloride levels and the regulation of muscle water content, it appears as though the freshwater to 
seawater transition may be more challenging.  Fish of marine origin transferred to freshwater showed 
100% survival over the 14 day experiment.  In contrast, seawater exposure of freshwater stickleback 
resulted in approximately 90% survival rate, with all mortalities occurring within the first 48 hours.  This 
is similar to Schaarschmidt et al. (1999) who reported mortality rates of approximately 5% following 
acclimation of a freshwater population of G. aculeatus from 10‰ to 35‰ seawater.  Despite their 
slightly poorer performance, it appears that landlocked freshwater stickleback have retained much of 
their capacity to osmoregulate in seawater.  The more limited capacity to osmoregulate in increased 
salinity has been shown in landlocked populations of several salmonids as well.  Landlocked Arctic char 
exposed to seawater experience higher mortality rates compared to anadromous individuals (Staurnes 
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et al., 1992; Eliassen et al., 1998), a trend which is also seen in landlocked Atlantic salmon (Burton and 
Idler, 1984; Birt and Green, 1993) and sockeye salmon (Foote et al., 1992). 
 The seawater acclimation of freshwater stickleback may have also been less successful due to 
their significantly smaller size compared to the marine fish.  In many salmonids, an increase in size has 
been correlated with an increase in salinity tolerance and may be related to the decrease in exposed 
surface area to volume as the fish increases in size (Hoar, 1976). Parry (1958, 1960a) showed that in 
Atlantic salmon of the same age but different sizes, larger individuals have improved survival following 
exposure to seawater.  Other salmonids such as brown trout, Salmo trutta (Parry, 1958, 1960a), rainbow 
trout, Oncorhynchus mykiss (Parry, 1958, 1960a; Conte and Wagner, 1965), chinook salmon, 
Oncorhynchus tshawytscha (Wagner et al., 1969), and brook trout, Salvelinus fontinalis (McCormick and 
Naiman, 1984), also exhibit the trend of larger animals having improved survival in seawater.  A similar 
trend has also been observed in tilapia (Oreochromis aureus, O. niloticus and a O. mossambicus hybrid), 
which show a correlation between larger body size and tolerance to higher salinities (Watanabe et al., 
1985). 
 Overall, the stickleback that survived the salinity acclimation experiments appeared to do well 
based on the osmoregulatory indicators of plasma chloride and muscle water content levels. Teleost fish 
acclimating to different salinities go through a period of osmoregulatory adjustment that consists of an 
initial crisis phase followed by a stabilization phase.  During acclimation of euryhaline fish from seawater 
to freshwater, there is typically a rapid decrease in plasma ion levels, which over time, are regulated 
back up towards normal levels due to active ion uptake by the gills (Gordon, 1959).  In this study, marine 
three-spine stickleback transferred to freshwater initially showed a rapid decline in plasma chloride 
levels, which reached a minimum after 2 days before regulating these levels up to a new steady state by 
7 days.  Freshwater acclimated fish, on the other hand, experience a rapid increase in plasma ion levels 
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upon exposure to seawater which are regulated back toward original levels due to active ion secretion 
by the gills (Lotan, 1973).  Freshwater stickleback transferred to seawater experienced a rapid increase 
in plasma chloride levels that reached a maximum after three days but were brought back to control 
levels by day 4.  In this study, stickleback were able to regain ionic homeostasis slightly faster than seen 
by Schaarschmidt et al. (1999), who reported it takes 7 days for freshwater and brackish water 
populations to acclimate to 35‰ seawater.  Muscle water content has been shown to be inversely 
related to plasma ion levels (Sakamoto et al., 2001) and is therefore a useful parameter to measure to 
indicate osmoregulatory capacity in small fish from which it is difficult to obtain large quantities of 
plasma.  The muscle water content of freshwater transferred marine fish initially rose, although not 
significantly, before decreasing significantly at 4 days before returning to control levels.  Similar patterns 
of muscle water regulation have been seen in other species such as Atlantic salmon, Salmo salar (Parry, 
1960b; Handeland et al., 1998), brown trout, Salmo trutta (Madsen, 1990b; Tipsmark et al., 2002), 
medaka, Oryzias latipes (Sakamoto et al., 2001), rainbow trout, O. mykiss (Madsen and Naamansen, 
1989; Madsen, 1990a), and whitefish, Coregonus lavaretus (Madsen et al., 1996), during acclimation to 
seawater.  The muscle water content of seawater transferred freshwater stickleback decreased 
significantly during the first 2 days of acclimation before returning to control levels by 14 days.  A similar 
pattern has been observed in other species including Arabian killifish, Aphanius dispar (Lotan, 1973), 
Atlantic salmon, S. salar (Parry, 1960b), black seabream, Mylio macrocephalus (Kelly et al., 1999), sea 
bass, Dicentratchus labrax (Jensen et al., 1998), and southern flounder, Paralichthys lethostigma 
(Tipsmark et al., 2008), during acclimation to freshwater.  Overall, plasma chloride levels and muscle 
water content stabilized at or near control levels within the timeframe of our experiment for both 
transfers, suggesting that marine and freshwater populations have retained the ability to successfully 
acclimate to changing salinity, consistent with previous studies (Campeau et al., 1984; Audet, 1985; 
Guderley, 1994; Schaarschmidt et al., 1999). 
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The regulation of whole body ion and water content is linked to the ability of the gill to either 
actively uptake or secrete ions, depending on the salinity of the fish’s environment.  Gill Na+/K+-ATPase 
activity is central to both of these ion exchange mechanisms.  Many euryhaline fish increase their gill 
Na+/K+-ATPase activity following transfer to either increased or decreased salinity (Lasserre, 1971; 
McCormick and Saunders, 1987). Lasserre (1971) described this phenomenon as a salinity dependent ‘u-
shaped’ regulation of gill Na+/K+-ATPase activity.  Most anadromous salmonid species increase gill 
Na+/K+-ATPase activity (Folmar and Dickhoff, 1980) during their freshwater to seawater migration.  
Many other euryhaline species also increase gill Na+/K+-ATPase activity upon exposure to seawater 
including the killifish, Fundulus heteroclitus (Scott et al., 2004a), flounder, Plaichthys flesus (Stagg and 
Shuttleworth, 1982) and P. lethostigma (Tipsmark et al., 2008), Japanese eel, Anguilla japonica (Utida et 
al., 1971), striped bass, Morone saxatilis (Tipsmark et al., 2004), and three-spine stickleback, G. 
aculeatus (Schaarschmidt et al., 1999).  Some of these species as well as others also increase gill Na+/K+-
ATPase activity upon entry into freshwater including Artic char, Salvelinus alpinus (Bystriansky et al., 
2007b), Atlantic salmon, S. salar (Bystriansky and Schulte, 2011), flounder, P. flesus  (Stagg and 
Shuttleworth, 1982) and G. mirabilis (Doneen, 1981), killifish, F. heteroclitus (Scott et al., 2004a; Scott et 
al., 2004b), milkfish, Chanos chanos (Lin et al., 2003), mullet, Mugil cephalis (Ciccotti et al., 1994) and 
Chelon labrosus (Gallis et al., 1979), pupfish, Cyprinodon salinus (Stuenkel and Hillyard, 1980), sea bass, 
D. labrax (Lasserre, 1971; Jensen et al., 1998), sea bream, M. macrocephalus (Kelly et al., 1999), and 
striped bass, M. saxatilis (Tipsmark et al., 2004).  Based on the wide variety of euryhaline species that 
display this ‘u-shaped’ regulation, it was expected that the stickleback would increase gill Na+/K+-ATPase 
activity during both salinity transfer experiments.  Marine stickleback increased gill Na+/K+-ATPase 
activity approximately 40% within 7 days of exposure to freshwater.  This result is interesting as it 
supports the idea that the gill Na+/K+-ATPase plays an important role in the active uptake of ions in 
freshwater environments which has previously been described as ‘uncertain’ (Perry, 1997) or ‘unclear’ 
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(Evans et al., 2005).  No significant increase in gill Na+/K+-ATPase activity was observed in freshwater 
stickleback upon exposure to seawater, though a trend of increasing activity is present.  This result was 
surprising since a previous study that transferred stickleback from 10‰ to 35‰ seawater observed a 
significant increase in gill Na+/K+-ATPase activity (Schaarschmidt et al., 1999).   
 The three-spine stickleback genome contains genes for multiple Na+/K+-ATPase  subunit 
isoforms, ATP1A1, ATP1A2, ATP1A3 (1 of 2) and ATP1A3 (2 of 2).  Similar to the expression pattern seen 
in other fish including rainbow trout (Richards et al., 2003), tilapia (Lee et al., 1998) and Trematomus spp 
(Guynn et al., 2002), we found that stickleback express mRNA for ATP1A1, ATP1A3 (1 of 2) and ATP1A3 
(2 of 2) in their gills.  The mRNA expression levels of ATP1A3 (1 of 2) and ATP1A3 (2 of 2) in the gills of 
stickleback did not change in response to either increased or decreased salinity.  This is similar to 
observations by Richards et al. (2003) who report no change in 3 expression in rainbow trout gills 
during seawater acclimation.  Only the stickleback ATP1A1 isoform showed a change in mRNA 
expression in response to changing salinity.  Upon exposure of marine stickleback to freshwater the 
mRNA levels of ATP1A1 decreased significantly.  The opposite pattern was seen in freshwater 
stickleback exposed to seawater, where mRNA levels of ATP1A1 increased by approximately 3 fold 
within 1 day.  This mRNA expression pattern is similar to that of the 1b isoform found in salmonid 
fishes (Richards et al., 2003; Bystriansky et al., 2006; Bystriansky et al., 2007b; Bystriansky and Schulte, 
2011) and tilapia (Tipsmark et al., 2011).  This suggests that the ATP1A1 isoform may play a prominent 
role in the secretion of ions in marine habitats.  In this study, no  subunit isoform was found in the 
stickleback to have a similar expression pattern to the 1a isoform expression seen in salmonid fishes, 
which increases expression in freshwater and decreases expression in seawater and is thought to play a 
significant role in ion uptake (Richards et al., 2003).  This lack of up-regulation of an  subunit isoform is 
especially interesting as we see a significant increase in gill Na+/K+-ATPase activity.  Previous studies 
observed that an increase in gill Na+/K+-ATPase activity is generally preceded or accompanied by an 
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increase in  subunit mRNA expression during salinity transfer.  Increases in  subunit mRNA expression 
were seen in Atlantic salmon (D'Cotta et al., 2000; Singer et al., 2002), brook trout (Madsen et al., 1995; 
Seidelin et al., 2000) and sea bass (Jensen et al., 1998).  However, these studies used probes or primers 
that were not isoform specific and in most cases designed from sequences of other vertebrate species.  
At least in the case of the Atlantic salmon, the methods used to identify this general increase in gill 
Na+/K+-ATPase  subunit mRNA expression were hiding the reciprocal expression of 1a and 1b 
isoforms.  The inability to create primers to distinguish between three of the four ATP1A1 transcripts 
and to recognize the fourth ATP1A1 transcript may be the reason we did not observe an increase in 
isoform expression similar to that of the 1a isoform in salmonid fishes.   
5. Conclusions 
Overall both marine and freshwater three-spine stickleback were able to successfully acclimate 
to changing salinity based on mortality rates, regulation of plasma chloride levels and regulation of 
muscle water content, although the freshwater stickleback seem to have a lower capacity to 
osmoregulate.  Acclimation to freshwater by marine stickleback is associated with an increase in gill 
Na+/K+-ATPase ATP1A1 isoform expression while acclimation to seawater by freshwater stickleback 
entails an increase in gill Na+/K+-ATPase activity accompanied by a decrease in gill Na+/K+-ATPase 
ATP1A1 isoform expression.  This suggests that the ATP1A1 isoform plays an important role in ion 
secretion in marine habitats.  A stickleback isoform with an expression pattern similar to the salmonid 
1a has yet to be identified. 
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Tables and Figures 
 
 
Table 1: Quantitative RT-PCR Primer Sequences  
 
Gene Forward Primer Reverse Primer 
ATP1A1 5’-GCGGCGCCTCCTTTG-3’ 5’-GTTACACAGCCCAGCAATTCG-3’ 
ATP1A3 (1 of 2) 5’-ATGGCTGCAAGGTCGATAACTC-3’ 5’-GTCGGGTGACCTGCTCTGA-3’ 
ATP1A3 (2 of 2) 5’-GGGTCTGCTCGCCACAGT-3’ 5’-GCGAGCCATTCGCTTAGC-3’ 
L13A RBP 5’-CACCTTGGTCAACTTGAACAGTG-3’ 5’-TCCCTCCGCCCTACGAC-3’ 
18s rRNA 5’-CGGCTACCACATCCAAGGAA-3’ 5’-TCCTGTATTGTTATTTTTCGTCACTACCT-3’ 
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Table 2: mRNA levels of Na+/K+-ATPase 3a and 3b isoforms in the gill of three-spine stickleback 
acclimated to either seawater (32‰ – controls) and following exposure to freshwater and three-spine 
stickleback acclimated to freshwater (controls) and following exposure to seawater (32‰) over a total 
period of 14 days 
 Exposure Time 
mRNA 6 Hours 1 Day 2 Days 4 Days 7 Days 14 Days 
Seawater to Freshwater Transfer 
Na+/K+-ATPase ATP1A3 (1 of 2)     
FW 0.78±0.06* 0.81±0.10* 0.82±0.06 0.72±0.08 0.82±0.09 0.72±0.02 
SW 1.31±0.16a 1.00±0.08b 0.94±0.05b 0.85±0.04b,c 0.93±0.06b 0.72±0.07c 
Na+/K+-ATPase ATP1A3 (2 of 2)     
FW 0.70±0.10 0.96±0.14 1.32±0.11 1.12±0.16 1.02±0.15 1.63±0.51 
SW 1.32±0.13 1.00±0.11 1.62±0.30 1.54±0.34 1.50±0.16 0.91±0.10 
Freshwater to Seawater Transfer 
Na+/K+-ATPase ATP1A3 (1 of 2)     
FW 0.58±0.04 1.00±0.21 0.73±0.10 0.84±0.08 0.73±0.10 0.64±0.05 
SW 0.77±0.08a 1.28±0.10b 1.35±0.25*b 0.85±0.08c 1.23±0.13*b 0.87±0.08c 
Na+/K+-ATPase ATP1A3 (2 of 2)     
FW 0.60±0.06a 1.00±0.22b 0.80±0.10a,b 1.04±0.14b 0.95±0.09a,b n.d. 
SW 0.55±0.04a 0.50±0.10*a 0.99±0.13b 1.23±0.12b 1.21±0.17b n.d. 
mRNA expression is presented relative to the expression of a control gene (LI3A RBP for the seawater to 
freshwater transfer experiment and 18s rRNA for the freshwater to seawater experiment) and normalized relative 
to the corresponding 1 day control group.  Means ± s.e.m., N=8 for each group in the seawater to freshwater 
transfer experiment and N=5 to 8 for each group in the freshwater to seawater transfer experiment.  n.d., 
parameter not determined.  * indicates a significant difference between paired control and experimental time 
points.  Within transfer groups (FW or SW), different superscripted letters indicate significant differences over 
time. 
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Figure 1: Phylogenetic analysis of Na+/K+-ATPase  subunit isoform protein sequences.  Numbers 
presented at each branch point represent bootstrap values from 500 replicates.  Fruitfly Na+/K+-ATPase 
was used as an out-group.  
1 
 2 
 3 
 4 
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Figure 2: Plasma chloride levels (mequiv·l-1) in marine three-spine stickleback following transfer to 
seawater  (32‰)(control) or freshwater for 14 days.  * indicates significantly different from time 
matched control level.  Within control, different superscripted letters indicate significant differences 
over time. 
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Figure 3: Muscle water content (%) in marine three-spine stickleback following transfer to seawater 
(32‰) (control) or freshwater for 14 days.  * indicates significantly different from time matched control 
level. 
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Figure 4: Gill Na+/K+-ATPase activity in marine three-spine stickleback following transfer to seawater 
(32‰) (control) or freshwater for 14 days.  * indicates significantly different from pooled seawater 
control fish.   
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Figure 5: Gill mRNA levels of Na+/K+-ATPase isoform ATP1A1 in marine three-stickleback following 
transfer to seawater (32‰) (control) or freshwater for 14 days.  * indicates significantly different from 
time matched control level.   
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Figure 6: Plasma chloride levels (mequiv·l-1) in freshwater three-spine stickleback following transfer to 
freshwater (control) or seawater (32‰) for 14 days.  * indicates significantly different from time 
matched control level.   
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Figure 7: Muscle water content (%) in freshwater three-spine stickleback following transfer to 
freshwater (control) or seawater (32‰) for 14 days.  * indicates significantly different from time 
matched control level.  Within control, different superscripted letters indicate significant differences 
over time. 
 
 
 
 
 
 
 
 
Days
0 2 4 6 8 10 12 14
M
u
s
c
le
 W
a
te
r 
C
o
n
te
n
t 
(%
)
0
20
40
60
80
100
Freshwater (Control)
Seawater (Transferred)
a a,b a,b b b a,b 
* 
* 
* 
 54 
 
Figure 8: Gill Na+/K+-ATPase activity in freshwater three-spine stickleback following transfer to 
freshwater (control) or seawater (32‰) for 14 days.  * indicates significantly different from pooled 
seawater control fish.   
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Figure 9: Gill mRNA levels of Na+/K+-ATPase isoform ATP1A1 in freshwater three-spine stickleback 
following transfer to freshwater (control) or seawater (32‰) for 14 days.  * indicates significantly 
different from time matched control level. 
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Chapter 3: General Discussion  
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A vast amount of research has been done on the three-spine stickleback in regards to behavior, 
morphology, ecology and evolution as well as speciation and it has become a model species in these 
fields.  This has resulted in thousands of published papers and several books (Wotton, 1984; Bell and 
Foster, 1994; Östlund-Nilsson et al., 2007).  Much of the research on salinity tolerance and 
osmoregulation in the three-spine stickleback has focused on the lateral plate morph rather than on the 
life history of the fish or how seasonal changes in salinity tolerance are controlled (Guderley, 1994).  
Very little of this research has investigated the physiology of the gills during salinity acclimation.  To my 
knowledge this is the first study to explore the independent Na+/K+-ATPase  subunit isoform regulation 
in the three-spine stickleback during acclimation to different salinities. 
Prior to beginning this study, independent regulation of  subunit isoforms in response to 
changing salinity had only been observed in salmonids (Richards et al., 2003; Shrimpton et al., 2005; 
Bystriansky et al., 2006; Bystriansky et al., 2007b; Bystriansky and Schulte, 2011).  This observation led 
to the question of whether this phenomenon occurs in other euryhaline teleost species during 
acclimation to changing salinity.  The three-spine stickleback was chosen as the model system in this 
study to investigate this phenomenon because of their eurhalinity and fully sequenced genome.  While 
completing this study, a similar study was published showing that tilapia also display independent 
regulation of  subunit isoforms (Tipsmark et al., 2011).  The results of this study confirm that this 
phenomenon also occurs in the three-spine stickleback.  Although we were not the first to discover this 
phenomenon in a non-salmonid species, it is clear that based on this study and the tilapia study that the 
question of whether independent regulation of  subunit isoforms occurs in other species was worth 
investigating. 
This study also confirmed that the landlocked population of three-spine stickleback used in this 
study has retained their ability to acclimate to seawater.  Freshwater stickleback acclimated to seawater 
had a survival rate of approximately 90%.  In contrast, landlocked salmonids exposed to seawater 
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experience much higher mortality rates, in many cases greater than 70% mortality, compared to their 
anadromous counterparts.  This trend has been observed in Arctic char (Staurnes et al., 1992; Eliassen et 
al., 1998), Atlantic salmon (Burton and Idler, 1984; Birt and Green, 1993) and sockeye salmon (Foote et 
al., 1992).  In the case of landlocked Arctic char their reduced osmoregulatory ability to acclimate to 
seawater may be due to their failure to up-regulate 1b (Bystriansky et al., 2007a) which is thought to 
play an important role in ion secretion in marine habitats.  The acclimation of freshwater stickleback to 
seawater did involve the up-regulation of ATP1A1, which has an expression pattern similar to 1b in 
salmonids and tilapia when exposed to seawater.  Since freshwater stickleback were able to up-regulate 
the  subunit isoform thought to be important in ion secretion, their reduced survival compared to 
marine stickleback may have been related more to their significantly smaller size than other factors.   
Gill Na+/K+-ATPase activity has been observed to show a ‘u-shaped’ regulation pattern in which 
activity increases in response to acclimation to both increased and decreased salinity (Lasserre, 1971).  
Marine stickleback transferred to freshwater showed a significant increase in gill Na+/K+-ATPase activity.  
Although not significant, freshwater stickleback transferred to seawater did show a general trend of 
activity increasing over time (~ 28%).  As mentioned earlier this result is surprising as a previous study 
that transferred stickleback from 10‰ to 35‰ seawater observed an increase in gill Na+/K+-ATPase 
activity (Schaarschmidt et al., 1999).  The increase in activity in this study may have been due to the 
higher salinity that the stickleback were transferred to.  Tilapia, O. mossambicus, transferred to various 
salinities have been found to only drastically increase gill Na+/K+-ATPase activity when in salinities of 
35‰ and higher (Kültz et al., 1992).  This may explain the lack of increase in gill Na+/K+-ATPase activity in 
freshwater stickleback transferred to 32‰ seawater in the present study. 
 This study also confirms the importance of the gill Na+/K+-ATPase in freshwater ionoregulation. 
Acclimation to freshwater by marine stickleback appears to require a significant increase in gill Na+/K+-
ATPase activity.  This observation supports the ‘classic model’ of ionoregulation in freshwater teleosts 
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and suggests that stickleback may not rely on the apical V-type H+-ATPase found in the ‘current model’ 
to generate favorable electrochemical gradients to uptake ions as much as other species.  This is further 
supported by the lack of an obvious ENaC in the genome, while several forms of the NHE are present.  
The three-spine stickleback may be a useful model organism for further examination of the ‘classic 
model’. 
 This study has provided the first evidence of independent isoform regulation in the three-spine 
stickleback.  It has also show that landlocked freshwater populations have retained their ability to 
acclimate to seawater as well as provided support for the role of the Na+/K+-ATPase in ion uptake in 
freshwater habitats.  The three-spine stickleback has been a useful model organism in a variety of other 
biological disciplines and from the results of this study it is clear that this usefulness can extend into 
other areas of study including further research into the physiological changes in the gills during salinity 
acclimation.  
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Appendix 1: Na+/K+-ATPase  Subunit Isoform Transcript Sequence Alignments 
ATP1A1 
ATP1A1-1        ACTCCGGGCTGAGAGAGAGAGAGAGAGAGAGAGAGAGGCGGAGTAGGAAAGTTGCAATTT 60 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        ------------------------------------------------------------ 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        AAAAAGACAATTGGATTGAGTGTTCTCACACTTGCATTGCAACCATGGGGCTGGGAAGAG 120 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        ------------------------------------------------------------ 
ATP1A1-4        --------------------------------------------CTGCGTCTCCAGGAAG 16 
                                                                             
 
ATP1A1-1        GGAAAGATGAGTACAAATTGGCACCAACCTCAGA---TGGAGGGAGGAAGAAATCGAAGA 177 
ATP1A1-3        ----AGATGAGTACAAATTGGCACCAACCTCAGA---TGGAGGGAGGAAGAAATCGAAGA 53 
ATP1A1-2        ----AGATGAGTACAAATTGGCACCAACCTCAGA---TGGAGGGAGGAAGAAATCGAAGA 53 
ATP1A1-4        GACGCGAGCAGTATGAGCTGGCTGCGACCTCGGAGCACTGCAGCAAGAAGAAGGCGAAGG 76 
                     **  ****  *  ****  * ***** **     *  * * ******  *****  
 
ATP1A1-1        AAGAAAAAGGGAAGAAGGATATGGAAGAACTGAAGAAAGAAGTTGACCTGGACGATCACA 237 
ATP1A1-3        AAGAAAAAGGGAAGAAGGATATGGAAGAACTGAAGAAAGAAGTTGACCTGGACGATCACA 113 
ATP1A1-2        AAGAAAAAGGGAAGAAGGATATGGAAGAACTGAAGAAAGAAGTTGACCTGGACGATCACA 113 
ATP1A1-4        GGAAGAAGAAGGAGAAGGATATGGATGAACTCAAGAAAGAAGTGGATATGGATGATCACA 136 
                   * **   * ************* ***** *********** **  **** ******* 
 
ATP1A1-1        AGTTAACCTTGGACGAACTCCACAGAAAGTATGGGACCGATCTAGTCTCTTTTAAGGGTC 297 
ATP1A1-3        AGTTAACCTTGGACGAACTCCACAGAAAGTATGGGACCGATCTAGCC------AGGGGTC 167 
ATP1A1-2        AGTTAACCTTGGACGAACTCCACAGAAAGTATGGGACCGAT---GTCTCTTTTAAGGGTC 170 
ATP1A1-4        AACTGACCCTCGACGAACTCAATCGCAAGTACGCAACAGACCTCAAC------AATGGTT 190 
                *  * *** * ********* *  * ***** *  ** **      *      *  ***  
 
ATP1A1-1        TTTCCAACTCCAGAGCAAAAGAGATCCTGGCCAGAGACGGGCCAAACGCCCTCACACCTC 357 
ATP1A1-3        TTTCCAACTCCAGAGCAAAAGAGATCCTGGCCAGAGACGGGCCAAACGCCCTCACACCTC 227 
ATP1A1-2        TTTCCAACTCCAGAGCAAAAGAGATCCTGGCCAGAGACGGGCCAAACGCCCTCACACCTC 230 
ATP1A1-4        TGACTTGCGCCAAGGCTGCTGAGATTCTGATCCGTGATGGGCCCAACGCCCTCACTCCTC 250 
                *  *   * ***  **    ***** ***  * * ** ***** *********** **** 
 
ATP1A1-1        CCCCCACAACGCCTGAATGGGTCAAGTTCTGTAAACAGCTGTTTGGTGGTTTCTCCATGC 417 
ATP1A1-3        CCCCCACAACGCCTGAATGGGTCAAGTTCTGTAAACAGCTGTTTGGTGGTTTCTCCATGC 287 
ATP1A1-2        CCCCCACAACGCCTGAATGGGTCAAGTTCTGTAAACAGCTGTTTGGTGGTTTCTCCATGC 290 
ATP1A1-4        CTCCCACCACCCCCGAGTGGGTCAAGTTCTGCAAACAGATGTTCGGCGGGTTCTCCATGC 310 
                * ***** ** ** ** ************** ****** **** ** ** ********** 
 
ATP1A1-1        TGCTGTGGATTGGCGCCCTCCTCTGCTTCCTGGCTTACGGTATCCAGGCGGCCTCAGAAG 477 
ATP1A1-3        TGCTGTGGATTGGCGCCCTCCTCTGCTTCCTGGCTTACGGTATCCAGGCGGCCTCAGAAG 347 
ATP1A1-2        TGCTGTGGATTGGCGCCCTCCTCTGCTTCCTGGCTTACGGTATCCAGGCGGCCTCAGAAG 350 
ATP1A1-4        TGCTGTGGACCGGCGCCGTCCTCTGTTTCCTGGCCTACGGTATCCAGGCTGCAATGGAGG 370 
                *********  ****** ******* ******** ************** **    ** * 
 
ATP1A1-1        ACGAACCGGCCAACGATAACTTGTACCTGGGCGTCGTGCTTTCTGCGGTCGTCATCATCA 537 
ATP1A1-3        ACGAACCGGCCAACGATAACTTGTACCTGGGCGTCGTGCTTTCTGCGGTCGTCATCATCA 407 
ATP1A1-2        ACGAACCGGCCAACGATAACTTGTACCTGGGCGTCGTGCTTTCTGCGGTCGTCATCATCA 410 
ATP1A1-4        ACGAGCCGGCTAATGACAACTTGTACCTGGGCGTCGTACTTTCTGCTGTCGTCATCATCA 430 
                **** ***** ** ** ******************** ******** ************* 
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ATP1A1-1        CCGGCTGCTTCTCCTACTACCAAGAGGCCAAGAGCTCCAAGATCATGGACTCCTTCAAGA 597 
ATP1A1-3        CCGGCTGCTTCTCCTACTACCAAGAGGCCAAGAGCTCCAAGATCATGGACTCCTTCAAGA 467 
ATP1A1-2        CCGGCTGCTTCTCCTACTACCAAGAGGCCAAGAGCTCCAAGATCATGGACTCCTTCAAGA 470 
ATP1A1-4        CCGGCTGCTTCTCCTACTACCAAGAGGCCAAGAGCTCCAAGATCATGGACTCCTTCAAGA 490 
                ************************************************************ 
 
 
ATP1A1-1        ACCTGGTGCCACAGCAAGCTCTGGTTGTCCGTGACGGCGAGAAGAAGAGCATCAACGCTG 657 
ATP1A1-3        ACCTGGTGCCACAGCAAGCTCTGGTTGTCCGTGACGGCGAGAAGAAGAGCATCAACGCTG 527 
ATP1A1-2        ACCTGGTGCCACAGCAAGCTCTGGTTGTCCGTGACGGCGAGAAGAAGAGCATCAACGCTG 530 
ATP1A1-4        ACCTGGTCCCACAGCAAGCTCTGGTCGTCCGCGACGGCGAGAAGAAGAACATCAACGCTG 550 
                ******* ***************** ***** **************** *********** 
 
 
ATP1A1-1        AGGAGGTGGTGATTGGGGATTTGGTGGAGGTGAAAGGTGGAGACCGGATCCCTGCGGACC 717 
ATP1A1-3        AGGAGGTGGTGATTGGGGATTTGGTGGAGGTGAAAGGTGGAGACCGGATCCCTGCGGACC 587 
ATP1A1-2        AGGAGGTGGTGATTGGGGATTTGGTGGAGGTGAAAGGTGGAGACCGGATCCCTGCGGACC 590 
ATP1A1-4        AGGAGGTGGTGGTCGGCGATTTGGTGGAGGTGAAAGGCGGAGACCGGATCCCCGCTGATC 610 
                *********** * ** ******************** ************** ** ** * 
 
ATP1A1-1        TGCGGATTGTCTCTGCTAGTGGCTGCAAGGTGGACAACTCCTCTCTGACTGGTGAATCAG 777 
ATP1A1-3        TGCGGATTGTCTCTGCTAGTGGCTGCAAGGTGGACAACTCCTCTCTGACTGGTGAATCAG 647 
ATP1A1-2        TGCGGATTGTCTCTGCTAGTGGCTGCAAGGTGGACAACTCCTCTCTGACTGGTGAATCAG 650 
ATP1A1-4        TGAGGATCATCTCTGCCCACGGCTGCAAGGTGGACAACTCCTCTCTGACCGGCGAGTCCG 670 
                ** ****  *******    ***************************** ** ** ** * 
 
ATP1A1-1        AGCCTCAGACTCGTACTCCTGACTTCTCCAACGACAACCCGCTGGAGACCAGGAACATTG 837 
ATP1A1-3        AGCCTCAGACTCGTACTCCTGACTTCTCCAACGACAACCCGCTGGAGACCAGGAACATTG 707 
ATP1A1-2        AGCCTCAGACTCGTACTCCTGACTTCTCCAACGACAACCCGCTGGAGACCAGGAACATTG 710 
ATP1A1-4        AGCCTCAGACTCGTACTCCTGACTTCTCCAACGAGAACCCGCTGGAGACCAGGAACATTG 730 
                ********************************** ************************* 
 
ATP1A1-1        CCTTCTTCTCCACCAACTGTGTTGAAGGTACCGCCAGAGGCGTCGTCATCAACACCGGAG 897 
ATP1A1-3        CCTTCTTCTCCACCAACTGTGTTGAAGGTACCGCCAGAGGCGTCGTCATCAACACCGGAG 767 
ATP1A1-2        CCTTCTTCTCCACCAACTGTGTTGAAGGTACCGCCAGAGGCGTCGTCATCAACACCGGAG 770 
ATP1A1-4        CCTTCTTCTCCACCAACTGTGTTGAAGGAACCGCCCGCGGCGTCGTGATCAGCACCGGCG 790 
                **************************** ****** * ******** **** ****** * 
 
ATP1A1-1        ACCACACCGTCATGGGTCGCATCGCCACCCTGGCGTCCAGTCTGGATGGCGGCAAAACTC 957 
ATP1A1-3        ACCACACCGTCATGGGTCGCATCGCCACCCTGGCGTCCAGTCTGGATGGCGGCAAAACTC 827 
ATP1A1-2        ACCACACCGTCATGGGTCGCATCGCCACCCTGGCGTCCAGTCTGGATGGCGGCAAAACTC 830 
ATP1A1-4        ACCGTACCGTGATGGGTCGCATCGCCACGCTAGCCTCTGGCCTCGAAGTTGGACGCACCC 850 
                ***  ***** ***************** ** ** **  * ** ** *  **    ** * 
 
ATP1A1-1        CCATCGCCAAGGAGATCGAGCACTTCATCCACATCATCACAGGCGTGGCCGTCTTCCTGG 1017 
ATP1A1-3        CCATCGCCAAGGAGATCGAGCACTTCATCCACATCATCACAGGCGTGGCCGTCTTCCTGG 887 
ATP1A1-2        CCATCGCCAAGGAGATCGAGCACTTCATCCACATCATCACAGGCGTGGCCGTCTTCCTGG 890 
ATP1A1-4        CCATCTCAATTGAGATCGAGCACTTCATCCACATCATCACAGGCGTGGCCGTCTTCCTGG 910 
                ***** * *  ************************************************* 
 
ATP1A1-1        GTGTTTCCTTCTTCGTCCTCTCGCTCATCCTCGGGTACGGCTGGCTGGAGGCCGTCATCT 1077 
ATP1A1-3        GTGTTTCCTTCTTCGTCCTCTCGCTCATCCTCGGGTACGGCTGGCTGGAGGCCGTCATCT 947 
ATP1A1-2        GTGTTTCCTTCTTCGTCCTCTCGCTCATCCTCGGGTACGGCTGGCTGGAGGCCGTCATCT 950 
ATP1A1-4        GTGTTTCCTTCTTCGTCCTCTCGCTCATCCTCGGGTACAGCTGGCTGGAGGCCGTCATCT 970 
                ************************************** ********************* 
 
ATP1A1-1        TCCTCATCGGCATCATCGTGGCCAACGTGCCAGAAGGTCTCCTGGCCACCGTCACCGTGT 1137 
ATP1A1-3        TCCTCATCGGCATCATCGTGGCCAACGTGCCAGAAGGTCTCCTGGCCACCGTCACCGTGT 1007 
ATP1A1-2        TCCTCATCGGCATCATCGTGGCCAACGTGCCAGAAGGTCTCCTGGCCACCGTCACCGTGT 1010 
ATP1A1-4        TCCTCATCGGCATCATCGTGGCCAACGTGCCAGAAGGTCTCCTGGCCACCGTCACCGTGT 1030 
                ************************************************************ 
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ATP1A1-1        GTCTGACCCTGACCGCCAAGCGCATGGCCAAGAAGAACTGCCTGGTGAAGAACTTGGAAG 1197 
ATP1A1-3        GTCTGACCCTGACCGCCAAGCGCATGGCCAAGAAGAACTGCCTGGTGAAGAACTTGGAAG 1067 
ATP1A1-2        GTCTGACCCTGACCGCCAAGCGCATGGCCAAGAAGAACTGCCTGGTGAAGAACTTGGAAG 1070 
ATP1A1-4        GTCTGACCCTGACCGCCAAGCGCATGGCCAAGAAGAACTGCCTGGTGAAGAACTTGGAAG 1090 
                ************************************************************ 
 
ATP1A1-1        CTGTGGAGACCCTGGGCTCCACCTCCACCATCTGCTCCGACAAGACCGGCACCCTGACCC 1257 
ATP1A1-3        CTGTGGAGACCCTGGGCTCCACCTCCACCATCTGCTCCGACAAGACCGGCACCCTGACCC 1127 
ATP1A1-2        CTGTGGAGACCCTGGGCTCCACCTCCACCATCTGCTCCGACAAGACCGGCACCCTGACCC 1130 
ATP1A1-4        CTGTGGAGACCCTGGGCTCCACCTCCACCATCTGCTCCGACAAGACCGGCACCCTGACCC 1150 
                ************************************************************ 
 
ATP1A1-1        AGAACAGGATGACCGTGGCCCACATGTGGTTCGACAACCAGATCCACGAGGCCGACACCA 1317 
ATP1A1-3        AGAACAGGATGACCGTGGCCCACATGTGGTTCGACAACCAGATCCACGAGGCCGACACCA 1187 
ATP1A1-2        AGAACAGGATGACCGTGGCCCACATGTGGTTCGACAACCAGATCCACGAGGCCGACACCA 1190 
ATP1A1-4        AGAACAGGATGACCGTGGCCCACATGTGGTTCGACAACCAGATCCACGAGGCCGACACCA 1210 
                ************************************************************ 
 
ATP1A1-1        CGGAGAACCAGAGCGGCGCCTCCTTTGACAAGAGCTCTGCCACCTGGAACGCTCTGGCCC 1377 
ATP1A1-3        CGGAGAACCAGAGCGGCGCCTCCTTTGACAAGAGCTCTGCCACCTGGAACGCTCTGGCCC 1247 
ATP1A1-2        CGGAGAACCAGAGCGGCGCCTCCTTTGACAAGAGCTCTGCCACCTGGAACGCTCTGGCCC 1250 
ATP1A1-4        CGGAGAACCAGAGCGGGACTTCCTTCGACAAGAGCTCTGCCACCTGGGCGGCCCTAGCCC 1270 
                ****************  * ***** *********************   ** ** **** 
 
ATP1A1-1        GAATTGCTGGGCTGTGTAACCGCGCCGTCTTCCTAGCAGAACAGTCCAACGTTCCCATCC 1437 
ATP1A1-3        GAATTGCTGGGCTGTGTAACCGCGCCGTCTTCCTAGCAGAACAGTCCAACGTTCCCATCC 1307 
ATP1A1-2        GAATTGCTGGGCTGTGTAACCGCGCCGTCTTCCTAGCAGAACAGTCCAACGTTCCCATCC 1310 
ATP1A1-4        GAGTCGCCGGGCTGTGTAACCGCGCCGTCTTCCTGGCAGAGCAGTCCAACCTGCCCATCC 1330 
                ** * ** ************************** ***** ********* * ******* 
 
ATP1A1-1        TGAAG---------------------------AGAGACGTAGCCGGCGACGCCTCAGAAG 1470 
ATP1A1-3        TGAAG---------------------------AGAGACGTAGCCGGCGACGCCTCAGAAG 1340 
ATP1A1-2        TGAAGTTTTTGTCCTTTGCTTCCAATCCACAGAGAGACGTAGCCGGCGACGCCTCAGAAG 1370 
ATP1A1-4        TGAAG---------------------------AGAGACGTGGCTGGCGACGCCTCAGAGT 1363 
                *****                           ******** ** **************   
 
ATP1A1-1        CCGCCCTGCTCAAGTGTATTGAGCTGTGCTGTGGACCCGTCGGCAACATGAGAGACAAAT 1530 
ATP1A1-3        CCGCCCTGCTCAAGTGTATTGAGCTGTGCTGTGGACCCGTCGGCAACATGAGAGACAAAT 1400 
ATP1A1-2        CCGCCCTGCTCAAGTGTATTGAGCTGTGCTGTGGACCCGTCGGCAACATGAGAGACAAAT 1430 
ATP1A1-4        CGGCTCTGCTGAAATGTATCGAGCTGTGCTGTGGATCAGTGCAGGAGATGAGAAACAAAA 1423 
                * ** ***** ** ***** *************** * **     * ****** *****  
 
ATP1A1-1        ATGACAAGATTGCCGAAATCCCCTTCAACTCCACCAACAAATATCAGCTCTCCGTCCACA 1590 
ATP1A1-3        ATGACAAGATTGCCGAAATCCCCTTCAACTCCACCAACAAATATCAGCTCTCCGTCCACA 1460 
ATP1A1-2        ATGACAAGATTGCCGAAATCCCCTTCAACTCCACCAACAAATATCAGCTCTCCGTCCACA 1490 
ATP1A1-4        ACTCCAAAATTTCAGAGATCCCGTTCAACTCCACCAACAAGTACCAGCTTTCCATTCATA 1483 
                *   *** *** * ** ***** ***************** ** ***** *** * ** * 
 
ATP1A1-1        AGAACCAGACTCCGGGA---GAGACCAAGCTGCTGCTGGTGATGAAAGGCGCCCCCGAGA 1647 
ATP1A1-3        AGAACCAGACTCCGGGA---GAGACCAAGCTGCTGCTGGTGATGAAAGGCGCCCCCGAGA 1517 
ATP1A1-2        AGAACCAGACTCCGGGA---GAGACCAAGCTGCTGCTGGTGATGAAAGGCGCCCCCGAGA 1547 
ATP1A1-4        AGGATGGCACACCTGAAACGGGGTCCAACCACCTGCTGGTGATGAAAGGCGCCCCAGAGA 1543 
                ** *    ** ** * *   * * **** *  *********************** **** 
 
ATP1A1-1        GGATTCTGGACCGCTGCTCCACCATCATGTTGCAAGGCAAAGAGCAGCCTCTGGACGACG 1707 
ATP1A1-3        GGATTCTGGACCGCTGCTCCACCATCATGTTGCAAGGCAAAGAGCAGCCTCTGGACGACG 1577 
ATP1A1-2        GGATTCTGGACCGCTGCTCCACCATCATGTTGCAAGGCAAAGAGCAGCCTCTGGACGACG 1607 
ATP1A1-4        GGATTCTGGACCGCTGCTCCTCCATCCTGTTGCACGGCAAAGAGCAGCCTCTGGACGACG 1603 
                ******************** ***** ******* ************************* 
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ATP1A1-1        AGCTGAAAGACGCCTTCCAGAACGCCTACGTCGAGCTGGGAGGACTTGGAGAGAGAGTGC 1767 
ATP1A1-3        AGCTGAAAGACGCCTTCCAGAACGCCTACGTCGAGCTGGGAGGACTTGGAGAGAGAGTGC 1637 
ATP1A1-2        AGCTGAAAGACGCCTTCCAGAACGCCTACGTCGAGCTGGGAGGACTTGGAGAGAGAGTGC 1667 
ATP1A1-4        AGCTGAAAGACGCTTTCCAGAATGCCTACCTGGAACTGGGGGGTCTGGGAGAGCGAGTGC 1663 
                ************* ******** ****** * ** ***** ** ** ****** ****** 
 
ATP1A1-1        TGGGTTTCTGCCACTTCAACCTGCCTGATGACCAGTTCCCAGAGGACTTTGCTTTTGACA 1827 
ATP1A1-3        TGGGTTTCTGCCACTTCAACCTGCCTGATGACCAGTTCCCAGAGGACTTTGCTTTTGACA 1697 
ATP1A1-2        TGGGTTTCTGCCACTTCAACCTGCCTGATGACCAGTTCCCAGAGGACTTTGCTTTTGACA 1727 
ATP1A1-4        TGGGTTTCTGCCACTTCAGCCTTCCCGACGACCAGTTCCCAGACGGCTTTGCTTTCGACA 1723 
                ****************** *** ** ** ************** * ********* **** 
 
ATP1A1-1        CGGAGGAGGTGAACTTCCCCACTGAGAACCTTTGCTTCATCGGCCTCATGTCCATGATCG 1887 
ATP1A1-3        CGGAGGAGGTGAACTTCCCCACTGAGAACCTTTGCTTCATCGGCCTCATGTCCATGATCG 1757 
ATP1A1-2        CGGAGGAGGTGAACTTCCCCACTGAGAACCTTTGCTTCATCGGCCTCATGTCCATGATCG 1787 
ATP1A1-4        CGGAGGAGGTGAACTTCCCCACTGAGAACCTTTGCTTCATCGGCCTCATGTCCATGATCG 1783 
                ************************************************************ 
 
ATP1A1-1        ACCCTCCTCGTGCCGCCGTGCCCGATGCCGTCGGCAAATGCAGAAGCGCCGGAATCAAGG 1947 
ATP1A1-3        ACCCTCCTCGTGCCGCCGTGCCCGATGCCGTCGGCAAATGCAGAAGCGCCGGAATCAAGG 1817 
ATP1A1-2        ACCCTCCTCGTGCCGCCGTGCCCGATGCCGTCGGCAAATGCAGAAGCGCCGGAATCAAGG 1847 
ATP1A1-4        ACCCCCCTCGTGCCGCCGTGCCCGATGCCGTCGGCAAATGCAGGAGCGCCGGAATCAAGG 1843 
                **** ************************************** **************** 
 
ATP1A1-1        TTATCATGGTGACAGGAGACCACCCGATCACTGCCAAAGCTATCGCCAAGGGAGTGGGTA 2007 
ATP1A1-3        TTATCATGGTGACAGGAGACCACCCGATCACTGCCAAAGCTATCGCCAAGGGAGTGGGTA 1877 
ATP1A1-2        TTATCATGGTGACAGGAGACCACCCGATCACTGCCAAAGCTATCGCCAAGGGAGTGGGTA 1907 
ATP1A1-4        TTATCATGGTAACGGGTGATCATCCAATCACAGCCAAGGCCATTGCTAAAGGTGTGGGCA 1903 
                ********** ** ** ** ** ** ***** ***** ** ** ** ** ** ***** * 
 
ATP1A1-1        TCATCTCTGAAGGCAACGAGACGGTTGAAGACATCGCCGCCCGCCTCAATGTACCAGTGT 2067 
ATP1A1-3        TCATCTCTGAAGGCAACGAGACGGTTGAAGACATCGCCGCCCGCCTCAATGTACCAGTGT 1937 
ATP1A1-2        TCATCTCTGAAGG--------------AAAA----------------------------- 1924 
ATP1A1-4        TCATCTCCGAAGGCAACGAGACCGTTGAAGACATCGCGGCCCGTCTCAACATCCCAATCA 1963 
                ******* *****              ** *                              
 
ATP1A1-1        CAGAGGTCAACCCCAGGGATGCCAAGGCCTGTGTCGTCCACGGTGGTGAGCTGAAGGAAA 2127 
ATP1A1-3        CAGAGGTCAACCCCAGGGATGCCAAGGCCTGTGTCGTCCACGGTGGTGAGCTGAAGGAAA 1997 
ATP1A1-2        --------------AGGGATGCCAAGGCCTGTGTCGTCCACGGTGGTGAGCTGAAGGAAA 1970 
ATP1A1-4        ACGAAGTCAACCCAAGAGATGCCAAGGCCTGCGTCGTCCACGGCGGGGACCTGAAAGATC 2023 
                              ** ************** *********** ** ** ***** **   
 
ATP1A1-1        TGACCGCCGAGCTGCTCGACAACGTGCTCCAGCACCACACTGAAATCGTCTTCGCCAGAA 2187 
ATP1A1-3        TGACCGCCGAGCTGCTCGACAACGTGCTCCAGCACCACACTGAAATCGTCTTCGCCAGAA 2057 
ATP1A1-2        TGACCGCCGAGCTGCTCGACAACGTGCTCCAGCACCACACTGAAATCGTCTTCGCCAGAA 2030 
ATP1A1-4        TGGCGCCTGAGCAGCTCGACGACATCCTCAAGTATCACACAGAGATTGTTTTCGCCAGAA 2083 
                ** *  * **** ******* ** * *** ** * ***** ** ** ** ********** 
 
ATP1A1-1        CCTCCCCGCAGCAGAAACTGATCATTGTGGAGGGCTGCCAGAGACAGGGAGCCATTGTGG 2247 
ATP1A1-3        CCTCCCCGCAGCAGAAACTGATCATTGTGGAGGGCTGCCAGAGACAGGGAGCCATTGTGG 2117 
ATP1A1-2        CCTCCCCGCAGCAGAAACTGATCATTGTGGAGGGCTGCCAGAGACAGGGAGCCATTGTGG 2090 
ATP1A1-4        CCTCCCCACAGCAGAAGCTGATCATCGTGGAAGGCTGCCAGAGACAGGGAGCCATTGTGG 2143 
                ******* ******** ******** ***** **************************** 
 
ATP1A1-1        CCGTGACGGGCGACGGCGTGAACGACTCTCCCGCTCTGAAGAAGGCCGACATCGGTGTCG 2307 
ATP1A1-3        CCGTGACGGGCGACGGCGTGAACGACTCTCCCGCTCTGAAGAAGGCCGACATCGGTGTCG 2177 
ATP1A1-2        CCGTGACGGGCGACGGCGTGAACGACTCTCCCGCTCTGAAGAAGGCCGACATCGGTGTCG 2150 
ATP1A1-4        CCGTGACGGGCGACGGCGTGAACGACTCTCCCGCTCTGAAGAAGGCCGACATCGGTGTCG 2203 
                ************************************************************ 
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ATP1A1-1        CTATGGGCATCGCCGGATCCGACGTCTCCAAGCAGGCCGCCGACATGATCCTGCTGGACG 2367 
ATP1A1-3        CTATGGGCATCGCCGGATCCGACGTCTCCAAGCAGGCCGCCGACATGATCCTGCTGGACG 2237 
ATP1A1-2        CTATGGGCATCGCCGGATCCGACGTCTCCAAGCAGGCCGCCGACATGATCCTGCTGGACG 2210 
ATP1A1-4        CTATGGGCATCGCCGGATCCGACGTCTCCAAGCAGGCCGCCGACATGATCCTGCTGGACG 2263 
                ************************************************************ 
 
ATP1A1-1        ACAACTTTGCCTCCATCGTGACTGGGGTGGAAGAAGGCCGTCTGATCTTTGACAACTTGA 2427 
ATP1A1-3        ACAACTTTGCCTCCATCGTGACTGGGGTGGAAGAAGGCCGTCTGATCTTTGACAACTTGA 2297 
ATP1A1-2        ACAACTTTGCCTCCATCGTGACTGGGGTGGAAGAAGGCCGTCTGATCTTTGACAACTTGA 2270 
ATP1A1-4        ACAACTTTGCCTCCATCGTGACTGGGGTGGAAGAAGGCCGTCTGATCTTTGACAACTTGA 2323 
                ************************************************************ 
 
ATP1A1-1        AGAAGTCCATCGCCTACACTCTAACCAGTAACATCCCCGAGATCTCCCCCTTTCTCCTCT 2487 
ATP1A1-3        AGAAGTCCATCGCCTACACTCTAACCAGTAACATCCCCGAGATCTCCCCCTTTCTCCTCT 2357 
ATP1A1-2        AGAAGTCCATCGCCTACACTCTAACCAGTAACATCCCCGAGATCTCCCCCTTTCTCCTCT 2330 
ATP1A1-4        AGAAGTCCATCGCCTACACTCTGACCAGTAACATCCCCGAGATCACCCCCTTCCTCCTCT 2383 
                ********************** ********************* ******* ******* 
 
ATP1A1-1        TCATCATCGCCAACATCCCCCTGCCCCTGGGAACCGTCACCATCCTCTGCATTGACCTGG 2547 
ATP1A1-3        TCATCATCGCCAACATCCCCCTGCCCCTGGGAACCGTCACCATCCTCTGCATTGACCTGG 2417 
ATP1A1-2        TCATCATCGCCAACATCCCCCTGCCCCTGGGAACCGTCACCATCCTCTGCATTGACCTGG 2390 
ATP1A1-4        TCATCATCGCCAACATCCCCCTGCCCCTGGGAACCGTCACCATCCTCTGCATTGACCTGG 2443 
                ************************************************************ 
 
ATP1A1-1        GAACCGACATGGTCCCCGCCATCTCCCTGGCTTATGAAGAAGCCGAGAGCGACATCATGA 2607 
ATP1A1-3        GAACCGACATGGTCCCCGCCATCTCCCTGGCTTATGAAGAAGCCGAGAGCGACATCATGA 2477 
ATP1A1-2        GAACCGACATGGTCCCCGCCATCTCCCTGGCTTATGAAGAAGCCGAGAGCGACATCATGA 2450 
ATP1A1-4        GAACAGACATGGTCCCCGCCATCTCCCTGGCTTACGAAGCGGCCGAGAGCGACATCATGA 2503 
                **** ***************************** ****  ******************* 
 
ATP1A1-1        AGCGACAGCCCAGAAACCCCAAAACAGACAAGCTGGTGAACGAGAGGCTCATCAGCATCG 2667 
ATP1A1-3        AGCGACAGCCCAGAAACCCCAAAACAGACAAGCTGGTGAACGAGAGGCTCATCAGCATCG 2537 
ATP1A1-2        AGCGACAGCCCAGAAACCCCAAAACAGACAAGCTGGTGAACGAGAGGCTCATCAGCATCG 2510 
ATP1A1-4        AGCGACAGCCCAGAAACCCCAAAACCGACAAGCTGGTGAACGAGAGGCTCATCAGCATCG 2563 
                ************************* ********************************** 
 
ATP1A1-1        CCTACGGACAGATCGGAATGATGCAGG--CCACAGC-CGGCTTCTTCACATACTTTGTGA 2724 
ATP1A1-3        CCTACGGACAGATCGGAATGATGCAGG--CCACAGC-CGGCTTCTTCACATACTTTGTGA 2594 
ATP1A1-2        CCTACGGACAGATCGGAATGATGCAGG--CCACAGC-CGGCTTCTTCACATACTTTGTGA 2567 
ATP1A1-4        CCTACGGACAGATCGGGATGACAGAGGAGCTGTGTCTCTGGATTTTCCCCTCTTTGGTAA 2623 
                **************** ****   ***  *     * * *  * *** * *  ** ** * 
 
ATP1A1-1        TCCTGGCTGAAAACGGTTT------CCTCCCCAATGACCTGCTGGGGATCAGAGTGATGT 2778 
ATP1A1-3        TCCTGGCTGAAAACGGTTT------CCTCCCCAATGACCTGCTGGGGATCAGAGTGATGT 2648 
ATP1A1-2        TCCTGGCTGAAAACGGTTT------CCTCCCCAATGACCTGCTGGGGATCAGAGTGATGT 2621 
ATP1A1-4        TGAAGCCAGGAAAAGGTTTGACCACCCCCCCCCCCCCCCCCCCGGAAACC-------TTT 2676 
                *   * * * *** *****      ** ****     **  * **  * *       * * 
 
ATP1A1-1        GGGACGACAAAA--------------------------TGG----TGAA----------- 2797 
ATP1A1-3        GGGACGACAAAA--------------------------TGG----TGAA----------- 2667 
ATP1A1-2        GGGACGACAAAAACTTCTGTTGCTGCTTCTCAGACCGTTGGAGGCTAAAAACCTCTTTTC 2681 
ATP1A1-4        AAAAGAACCAGC--------------------------CGGG---TAAA----------- 2696 
                   *  ** *                             **    * **            
 
ATP1A1-1        ------------------------------------------------------------ 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        AGGGATGTGACACACCGCGGCGTTTGTTTTCTGTGACGGCTCTTTGCTCCGCAGAAGAAG 2741 
ATP1A1-4        ------------------------------------------------------------ 
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ATP1A1-1        ------------------------CGACCT-GGAG------------------------- 2807 
ATP1A1-3        ------------------------CGACCT-GGAG------------------------- 2677 
ATP1A1-2        GACGCGAGCAGTATGAGCTGGCTGCGACCTCGGAGCACTGCACCGAACCAGCTTGTTTTC 2801 
ATP1A1-4        --------------------------TTCT-GGATTTTTCCCCCAA-------------- 2715 
                                            ** ***                           
 
ATP1A1-1        ------------------------------------------------------------ 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        CAGCTTATCCCTCTCCCTTGAGTAAACACACACACACACAGATCTCCCAGACCGTTTTTG 2861 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        ------------------------------------------------------------ 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        GAGCCCGGTCTCTGGTTTCCACCGCGTGCGTATGGTACCAGGAATGCAATACACCTTTAA 2921 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        ------------------------------------------------------------ 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        AAAGGATTTGGATTAATTTGTCTCTCGATCACGTCCTCTCGAGGCAAAGCATTGAAGAAT 2981 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        ------------------------------------------------------------ 
ATP1A1-3        ------------------------------------------------------------ 
ATP1A1-2        CTGTCCTTGACCGTGAGTCCTTTGCAGGTTTCTGCCACTTCAGCCTTCCCGACGACCAGT 3041 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        -----GACAGCT-----------ACGGACAGCAGTGGA---------------------- 2829 
ATP1A1-3        -----GACAGCT-----------ACGGACAGCAGTGGA---------------------- 2699 
ATP1A1-2        TCCCAGACGGCTTTGCTTTCGACACGGATGACAGAGGAGCTGTGTCTCTGGATTTTCCCC 3101 
ATP1A1-4        -----GACAGCT-----------ACGGGCAGCAGTGGA---------------------- 2737 
                     *** ***           ****    *** ***                       
 
ATP1A1-1        ------------------------------CGTACGAGCGCAGAAAGATCGTAGAGTTCA 2859 
ATP1A1-3        ------------------------------CGTACGAGCGCAGAAAGATCGTAGAGTTCA 2729 
ATP1A1-2        TCTTTGTTGAAAAAAGGACCTTTCCTAAAACCTACGAGCAGAGGAAGATCGTGGAGTTCA 3161 
ATP1A1-4        ------------------------------CCTACGAGCAGAGGAAGATCGTGGAGTTCA 2767 
                                              * *******  ** ******** ******* 
 
ATP1A1-1        CATGCCACACAGCTTTCTTCGTCAGTATCGTGGTCGTCCAGTGGGCCGATCTGATCATCT 2919 
ATP1A1-3        CATGCCACACAGCTTTCTTCGTCAGTATCGTGGTCGTCCAGTGGGCCGATCTGATCATCT 2789 
ATP1A1-2        CCTGCCACACGGCCTTCTTCGCCAGCATCGTCGTCGTCCAGTGGGCCGACCTCATCATCT 3221 
ATP1A1-4        CCTGCCACACGGCCTTCTTCGCCAGCATCGTCGTCGTCCAGTGGGCCGACCTCATCATCT 2827 
                * ******** ** ******* *** ***** ***************** ** ******* 
 
ATP1A1-1        GTAAGACCAGGAGGAACTCCATCCTGCAACAGGGAATGAAGAACCGTATCCTCATCTTTG 2979 
ATP1A1-3        GTAAGACCAGGAGGAACTCCATCCTGCAACAGGGAATGAAGAACCGTATCCTCATCTTTG 2849 
ATP1A1-2        GCAAGACCAGGAGGAACTCTGTCTTCCAGCAGGGCATGAAGAACAAGATCCTGATCTTTG 3281 
ATP1A1-4        GCAAGACCAGGAGGAACTCTGTCTTCCAGCAGGGCATGAAGAACAAGATCCTGATCTTTG 2887 
                * *****************  ** * ** ***** *********   ***** ******* 
 
ATP1A1-1        GACTGTTTGAGGAGACCGCTCTGGCTGCTTTCCTGTCATACTGTCCGGGCATGGACATTG 3039 
ATP1A1-3        GACTGTTTGAGGAGACCGCTCTGGCTGCTTTCCTGTCATACTGTCCGGGCATGGACATTG 2909 
ATP1A1-2        GGCTGTTTGAGGAGACCGCCCTGGCCGCCTTCCTCTCTTACTGCCCAGGCATGGACGTGG 3341 
ATP1A1-4        GGCTGTTTGAGGAGACCGCCCTGGCCGCCTTCCTCTCTTACTGCCCAGGCATGGACGTGG 2947 
                * ***************** ***** ** ***** ** ***** ** ********* * * 
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ATP1A1-1        CCCTCAGAATGTACCCTCTCAAGCCATGCTGGTGGTTCTGTGCCTTCCCCTACTCCCTCC 3099 
ATP1A1-3        CCCTCAGAATGTACCCTCTCAAGCCATGCTGGTGGTTCTGTGCCTTCCCCTACTCCCTCC 2969 
ATP1A1-2        CCCTCAGAATGTACCCGCTCAAGCCCAGCTGGTGGTTCTGCGCCTTCCCTTACTCCCTGC 3401 
ATP1A1-4        CCCTCAGAATGTACCCGCTCAAGCCCAGCTGGTGGTTCTGCGCCTTCCCTTACTCCCTGC 3007 
                **************** ********  ************* ******** ******** * 
 
ATP1A1-1        TCATCTTCCTGTATGATGAAGGCAGAAGATATATCCTCAGACGCAACCCAGGCGGTTGGG 3159 
ATP1A1-3        TCATCTTCCTGTATGATGAAGGCAGAAGATATATCCTCAGACGCAACCCAGGCGGTTGGG 3029 
ATP1A1-2        TCATCTTTATCTATGATGAAATCCGTAAGCTGATCCTCAGACGCAGCCCGGGAGGTTGGG 3461 
ATP1A1-4        TCATCTTTATCTATGATGAAATCCGTAAGCTGATCCTCAGACGCAGCCCGGGAGGTTGGG 3067 
                *******  * *********  * * *     ************* *** ** ******* 
 
ATP1A1-1        TGGAGATGGAGACATACTACTGAGTCGACGCACAGTCAGTGTTCCACCGTTGTTTTACTG 3219 
ATP1A1-3        TGGAGATGGAGACATACTACTGAGTCGACGCACAGTCAGTGTTCCACCGTTGTTTTACTG 3089 
ATP1A1-2        TGGAGCGGGAGACCTACTATTAA------------------------------------- 3484 
ATP1A1-4        TGGAGCGGGAGACCTACTAT---------------------------------------- 3087 
                *****  ****** *****                                          
 
ATP1A1-1        CCATGTTACATATTTGTCTAATACGTCAGTCAGACGCCAGAAACACAAAGCATGGACGAA 3279 
ATP1A1-3        CCATGTTACATATTTGTCTAATACGTCAGTCAGACGCCAGAAACACAAAGCATGGACGAA 3149 
ATP1A1-2        ------------------------------------------------------------ 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        ATA--------------------------------------------------------- 3282 
ATP1A1-3        ATAAGAATATTTTGATGTATATGTAATTCACAATAAAACATTTCCGTACTATTGTACGAG 3209 
ATP1A1-2        ------------------------------------------------------------ 
ATP1A1-4        ------------------------------------------------------------ 
                                                                             
 
ATP1A1-1        ---- 
ATP1A1-3        TTGT 3213 
ATP1A1-2        ---- 
ATP1A1-4        ---- 
 
ATP1A3 (1 of 2) 
ATP1A3 (1of2)-2      TGCAAGGCTGGAGGAGTACTGCGGCAACCCGCGGAAGGAGATCAAGTCGTGAAAAACTAG 60 
ATP1A3 (1of2)-3      -CCGAGAGCAAAGGAAGGAAGCG-CATCCC-TGCGTGATGCTCCGCTCG----AGACC-G 52 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      ------------------------------------------------------------ 
                                                                                  
 
ATP1A3 (1of2)-2      CAGCGCTGCCCC-----GTCGCTTCGCCGGTCTTTCTGCGCAAGTATCCGAGAGCAAA-- 113 
ATP1A3 (1of2)-3      CAGCATTTCATTTGAAAGACGTCTCACTGG-----AGGGGAAAAGATTGAAGGCTAAACC 107 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      ------------------------------------------------------------ 
                                                                                  
 
ATP1A3 (1of2)-2      GGAAGG-----AAGCGCATC--CCTGCG---TGATGCTCCGCTCGAGACCGCAGCATTTC 163 
ATP1A3 (1of2)-3      GGAAGGTTTGAAAGACCGTTAATTTAAGCCCTCCTCCTCCCCCCAAAAAAG-AACATTTG 166 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      ------------------------------------------------------------ 
                                                                                  
 
ATP1A3 (1of2)-2      ATTTGA----------------AAGACGTCTCACT---------GGAGGGGAAAAGATTG 198 
ATP1A3 (1of2)-3      GTTAAATCTGTAGTTAACTGCCATGACGTCTTTTTTTTAATTTAGGAGAAAAAAAAACTG 226 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      -----------------------------CT--------------GCGGCAAAGAGATTT 17 
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ATP1A3 (1of2)-2      AAGG------CTAAACCGG------AAGGCATTTTGCTATAATTCAACGCGAGGGGCTGA 246 
ATP1A3 (1of2)-3      AGCATATTCTCTTTATTTTTTTTTCAAGGCATTTTGCTATAATTCAACGCGAGGGGCTGA 286 
ATP1A3 (1of2)-4      ------------------------------ATGTTACTGTAT------------GGCCG- 17 
ATP1A3 (1of2)-1      G---------CT-----------------CAC-CTGCT------------------CTG- 31 
                                                   *   * **                  * *  
 
ATP1A3 (1of2)-2      CACCTCTCAAGCTGTGCATCACCTGAGAGGAGAAGAGTGACTGCGCCAACATGGGGGACA 306 
ATP1A3 (1of2)-3      CACCTCTCAAGCTGTGCATCACCTGAGAGGAGAAGAGTGACTGCGCCAACATGGGGGACA 346 
ATP1A3 (1of2)-4      -----TTCAGACAGT-TACCGCGT-------------------TGCCACCACACAGGACA 52 
ATP1A3 (1of2)-1      ------TCAA-CAGT-TACCGCGT-------------------TGCCACCACACAGGACA 64 
                           ***  * **  * * * *                    **** **    ***** 
 
ATP1A3 (1of2)-2      AAGATGACCGCTCCCCCAAGAAGAAGAAGGGGGCCAAGGACATGGATGACCTGAAGAAAG 366 
ATP1A3 (1of2)-3      AAGATGACCGCTCCCCCAAGAAGAAGAAGGGGGCCAAGGACATGGATGACCTGAAGAAAG 406 
ATP1A3 (1of2)-4      AAGATGACCGCTCCCCCAAGAAGAAGAAGGGGGCCAAGGACATGGATGACCTGAAGAAAG 112 
ATP1A3 (1of2)-1      AAGATGACCGCTCCCCCAAGAAGAAGAAGGGGGCCAAGGACATGGATGACCTGAAGAAAG 124 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AAGTGCCCATTACGGAACATAAGATGTCCATAGAAGAAGTATGCAGGAAATACCAGACAG 426 
ATP1A3 (1of2)-3      AAGTGCCCATTACGGAACATAAGATGTCCATAGAAGAAGTATGCAGGAAATACCAGACAG 466 
ATP1A3 (1of2)-4      AAGTGCCCATTACGGAACATAAGATGTCCATAGAAGAAGTATGCAGGAAATACCAGACAG 172 
ATP1A3 (1of2)-1      AAGTGCCCATTACGGAACATAAGATGTCCATAGAAGAAGTATGCAGGAAATACCAGACAG 184 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      ACATTGTTCAGGGGTTGACCAATGCCAAGGCAGCAGAGTATCTGATCAGGGATGGTCCCA 486 
ATP1A3 (1of2)-3      ACATTGTTCAGGGGTTGACCAATGCCAAGGCAGCAGAGTATCTGATCAGGGATGGTCCCA 526 
ATP1A3 (1of2)-4      ACATTGTTCAGGGGTTGACCAATGCCAAGGCAGCAGAGTATCTGATCAGGGATGGTCCCA 232 
ATP1A3 (1of2)-1      ACATTGTTCAGGGGTTGACCAATGCCAAGGCAGCAGAGTATCTGATCAGGGATGGTCCCA 244 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      ATGCTCTCACCCCTCCTCCTACGACCCCGGAGTGGGTCAAGTTCTGTCGCCAGCTGTTTG 546 
ATP1A3 (1of2)-3      ATGCTCTCACCCCTCCTCCTACGACCCCGGAGTGGGTCAAGTTCTGTCGCCAGCTGTTTG 586 
ATP1A3 (1of2)-4      ATGCTCTCACCCCTCCTCCTACGACCCCGGAGTGGGTCAAGTTCTGTCGCCAGCTGTTTG 292 
ATP1A3 (1of2)-1      ATGCTCTCACCCCTCCTCCTACGACCCCGGAGTGGGTCAAGTTCTGTCGCCAGCTGTTTG 304 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GTGGATTCTCCGTCCTGCTGTGGACCGGCGCCATCCTCTGTTTCCTGGCGTACGCCATCC 606 
ATP1A3 (1of2)-3      GTGGATTCTCCGTCCTGCTGTGGACCGGCGCCATCCTCTGTTTCCTGGCGTACGCCATCC 646 
ATP1A3 (1of2)-4      GTGGATTCTCCGTCCTGCTGTGGACCGGCGCCATCCTCTGTTTCCTGGCGTACGCCATCC 352 
ATP1A3 (1of2)-1      GTGGATTCTCCGTCCTGCTGTGGACCGGCGCCATCCTCTGTTTCCTGGCGTACGCCATCC 364 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AGGCAGCCACTGAGGACGATCCTGCAGGAGACAATTTGTACTTAGGTATTGTGCTCACAG 666 
ATP1A3 (1of2)-3      AGGCAGCCACTGAGGACGATCCTGCAGGAGACAATTTGTACTTAGGTATTGTGCTCACAG 706 
ATP1A3 (1of2)-4      AGGCAGCCACTGAGGACGATCCTGCAGGAGACAATTTGTACTTAGGTATTGTGCTCACAG 412 
ATP1A3 (1of2)-1      AGGCAGCCACTGAGGACGATCCTGCAGGAGACAATTTGTACTTAGGTATTGTGCTCACAG 424 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      CTGTCGTGGTCATCACTGGATGCTTCTCATACTTTCAAGAGGCCAAGAGCTCCAAAATCA 726 
ATP1A3 (1of2)-3      CTGTCGTGGTCATCACTGGATGCTTCTCATACTTTCAAGAGGCCAAGAGCTCCAAAATCA 766 
ATP1A3 (1of2)-4      CTGTCGTGGTCATCACTGGATGCTTCTCATACTTTCAAGAGGCCAAGAGCTCCAAAATCA 472 
ATP1A3 (1of2)-1      CTGTCGTGGTCATCACTGGATGCTTCTCATACTTTCAAGAGGCCAAGAGCTCCAAAATCA 484 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGGAGTCCTTCAAAAACATGGTGCCTCAGCAAGCGCTGGTGATCCGTGAGGGTGAAAAGG 786 
ATP1A3 (1of2)-3      TGGAGTCCTTCAAAAACATGGTGCCTCAGCAAGCGCTGGTGATCCGTGAGGGTGAAAAGG 826 
ATP1A3 (1of2)-4      TGGAGTCCTTCAAAAACATGGTGCCTCAGCAAGCGCTGGTGATCCGTGAGGGTGAAAAGG 532 
ATP1A3 (1of2)-1      TGGAGTCCTTCAAAAACATGGTGCCTCAGCAAGCGCTGGTGATCCGTGAGGGTGAAAAGG 544 
                     ************************************************************ 
 
 
 
 
 77 
ATP1A3 (1of2)-2      TGCAGATCAATGCTGAAGAAGTAGTGGGTGGAGATCTGGTTGAAGTGAAGGGAGGAGACC 846 
ATP1A3 (1of2)-3      TGCAGATCAATGCTGAAGAAGTAGTGGGTGGAGATCTGGTTGAAGTGAAGGGAGGAGACC 886 
ATP1A3 (1of2)-4      TGCAGATCAATGCTGAAGAAGTAGTGGGTGGAGATCTGGTTGAAGTGAAGGGAGGAGACC 592 
ATP1A3 (1of2)-1      TGCAGATCAATGCTGAAGAAGTAGTGGGTGGAGATCTGGTTGAAGTGAAGGGAGGAGACC 604 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GGATCCCTGCTGATATCAGGGTGGTTTCCGCTCATGGCTGCAAGGTCGATAACTCCTCCC 906 
ATP1A3 (1of2)-3      GGATCCCTGCTGATATCAGGGTGGTTTCCGCTCATGGCTGCAAGGTCGATAACTCCTCCC 946 
ATP1A3 (1of2)-4      GGATCCCTGCTGATATCAGGGTGGTTTCCGCTCATGGCTGCAAGGTCGATAACTCCTCCC 652 
ATP1A3 (1of2)-1      GGATCCCTGCTGATATCAGGGTGGTTTCCGCTCATGGCTGCAAGGTCGATAACTCCTCCC 664 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TCACAGGCGAGTCCGAACCTCAGAGCAGGTCACCCGACTGTACCCATGACAACCCCTTAG 966 
ATP1A3 (1of2)-3      TCACAGGCGAGTCCGAACCTCAGAGCAGGTCACCCGACTGTACCCATGACAACCCCTTAG 1006 
ATP1A3 (1of2)-4      TCACAGGCGAGTCCGAACCTCAGAGCAGGTCACCCGACTGTACCCATGACAACCCCTTAG 712 
ATP1A3 (1of2)-1      TCACAGGCGAGTCCGAACCTCAGAGCAGGTCACCCGACTGTACCCATGACAACCCCTTAG 724 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AAACCCGAAACATTGCTTTCTTCTCCACCAACTGTGTTGAAGGCACAGCGCGCGGCATTG 1026 
ATP1A3 (1of2)-3      AAACCCGAAACATTGCTTTCTTCTCCACCAACTGTGTTGAAGGCACAGCGCGCGGCATTG 1066 
ATP1A3 (1of2)-4      AAACCCGAAACATTGCTTTCTTCTCCACCAACTGTGTTGAAGGCACAGCGCGCGGCATTG 772 
ATP1A3 (1of2)-1      AAACCCGAAACATTGCTTTCTTCTCCACCAACTGTGTTGAAGGCACAGCGCGCGGCATTG 784 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TTATCTGCACCGGTGACAACACAGTGATGGGTCGCATCGCCACTCTGACATCTGGCCTGG 1086 
ATP1A3 (1of2)-3      TTATCTGCACCGGTGACAACACAGTGATGGGTCGCATCGCCACTCTGACATCTGGCCTGG 1126 
ATP1A3 (1of2)-4      TTATCTGCACCGGTGACAACACAGTGATGGGTCGCATCGCCACTCTGACATCTGGCCTGG 832 
ATP1A3 (1of2)-1      TTATCTGCACCGGTGACAACACAGTGATGGGTCGCATCGCCACTCTGACATCTGGCCTGG 844 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AGACCGGAAAAACCCCCATCGCAAAGGAGATCGAGCACTTCATCCACATCATCACAGGTG 1146 
ATP1A3 (1of2)-3      AGACCGGAAAAACCCCCATCGCAAAGGAGATCGAGCACTTCATCCACATCATCACAGGTG 1186 
ATP1A3 (1of2)-4      AGACCGGAAAAACCCCCATCGCAAAGGAGATCGAGCACTTCATCCACATCATCACAGGTG 892 
ATP1A3 (1of2)-1      AGACCGGAAAAACCCCCATCGCAAAGGAGATCGAGCACTTCATCCACATCATCACAGGTG 904 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGGCCGTCTTTCTGGGACTCACCTTTTTCATCCTGGCCATCGTCCTGGGTTACTCCTGGC 1206 
ATP1A3 (1of2)-3      TGGCCGTCTTTCTGGGACTCACCTTTTTCATCCTGGCCATCGTCCTGGGTTACTCCTGGC 1246 
ATP1A3 (1of2)-4      TGGCCGTCTTTCTGGGACTCACCTTTTTCATCCTGGCCATCGTCCTGGGTTACTCCTGGC 952 
ATP1A3 (1of2)-1      TGGCCGTCTTTCTGGGACTCACCTTTTTCATCCTGGCCATCGTCCTGGGTTACTCCTGGC 964 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGGAGGCTGTCATCTTCCTCATCGGCATCATCGTGGCTAACGTGCCTGAAGGGCTGCTGG 1266 
ATP1A3 (1of2)-3      TGGAGGCTGTCATCTTCCTCATCGGCATCATCGTGGCTAACGTGCCTGAAGGGCTGCTGG 1306 
ATP1A3 (1of2)-4      TGGAGGCTGTCATCTTCCTCATCGGCATCATCGTGGCTAACGTGCCTGAAGGGCTGCTGG 1012 
ATP1A3 (1of2)-1      TGGAGGCTGTCATCTTCCTCATCGGCATCATCGTGGCTAACGTGCCTGAAGGGCTGCTGG 1024 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      CCACAGTCACTGTGTGTCTGACCTTAACTGCCAAGCGTATGGCTAAGAAGAACTGCCTTG 1326 
ATP1A3 (1of2)-3      CCACAGTCACTGTGTGTCTGACCTTAACTGCCAAGCGTATGGCTAAGAAGAACTGCCTTG 1366 
ATP1A3 (1of2)-4      CCACAGTCACTGTGTGTCTGACCTTAACTGCCAAGCGTATGGCTAAGAAGAACTGCCTTG 1072 
ATP1A3 (1of2)-1      CCACAGTCACTGTGTGTCTGACCTTAACTGCCAAGCGTATGGCTAAGAAGAACTGCCTTG 1084 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TTAAGAACTTGGAAGCTGTGGAAACCCTGGGCTCCACCTCCACCATCTGCTCTGACAAAA 1386 
ATP1A3 (1of2)-3      TTAAGAACTTGGAAGCTGTGGAAACCCTGGGCTCCACCTCCACCATCTGCTCTGACAAAA 1426 
ATP1A3 (1of2)-4      TTAAGAACTTGGAAGCTGTGGAAACCCTGGGCTCCACCTCCACCATCTGCTCTGACAAAA 1132 
ATP1A3 (1of2)-1      TTAAGAACTTGGAAGCTGTGGAAACCCTGGGCTCCACCTCCACCATCTGCTCTGACAAAA 1144 
                     ************************************************************ 
 
 
 
 
 78 
ATP1A3 (1of2)-2      CAGGCACCTTGACCCAGAACAGGATGACCGTGGCGCACATGTGGTTTGACAACCAGATCC 1446 
ATP1A3 (1of2)-3      CAGGCACCTTGACCCAGAACAGGATGACCGTGGCGCACATGTGGTTTGACAACCAGATCC 1486 
ATP1A3 (1of2)-4      CAGGCACCTTGACCCAGAACAGGATGACCGTGGCGCACATGTGGTTTGACAACCAGATCC 1192 
ATP1A3 (1of2)-1      CAGGCACCTTGACCCAGAACAGGATGACCGTGGCGCACATGTGGTTTGACAACCAGATCC 1204 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      ACGAGGCCGACACCACTGAGGACCAGTCTGGTGCCTCTTTTGACAAGAGCTCCATAACGT 1506 
ATP1A3 (1of2)-3      ACGAGGCCGACACCACTGAGGACCAGTCTGGTGCCTCTTTTGACAAGAGCTCCATAACGT 1546 
ATP1A3 (1of2)-4      ACGAGGCCGACACCACTGAGGACCAGTCTGGTGCCTCTTTTGACAAGAGCTCCATAACGT 1252 
ATP1A3 (1of2)-1      ACGAGGCCGACACCACTGAGGACCAGTCTGGTGCCTCTTTTGACAAGAGCTCCATAACGT 1264 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GGATTAGCCTGGCCCGCGTCGCTGCCCTGTGCAACCGCGCTCAGTTTAAAGCGGGACAAG 1566 
ATP1A3 (1of2)-3      GGATTAGCCTGGCCCGCGTCGCTGCCCTGTGCAACCGCGCTCAGTTTAAAGCGGGACAAG 1606 
ATP1A3 (1of2)-4      GGATTAGCCTGGCCCGCGTCGCTGCCCTGTGCAACCGCGCTCAGTTTAAAGCGGGACAAG 1312 
ATP1A3 (1of2)-1      GGATTAGCCTGGCCCGCGTCGCTGCCCTGTGCAACCGCGCTCAGTTTAAAGCGGGACAAG 1324 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      ACCAGCTGCCCATCTTGAAGCGGGACGTGGCCGGTGATGCCTCAGAGTCAGCCCTGCTGA 1626 
ATP1A3 (1of2)-3      ACCAGCTGCCCATCTTGAAGCGGGACGTGGCCGGTGATGCCTCAGAGTCAGCCCTGCTGA 1666 
ATP1A3 (1of2)-4      ACCAGCTGCCCATCTTGAAGCGGGACGTGGCCGGTGATGCCTCAGAGTCAGCCCTGCTGA 1372 
ATP1A3 (1of2)-1      ACCAGCTGCCCATCTTGAAGCGGGACGTGGCCGGTGATGCCTCAGAGTCAGCCCTGCTGA 1384 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AGTGTATCGAGCTGTCCTGTGGCTCCGTCAGGGCAATGAGGGACAGGAACAAGAAGGTAG 1686 
ATP1A3 (1of2)-3      AGTGTATCGAGCTGTCCTGTGGCTCCGTCAGGGCAATGAGGGACAGGAACAAGAAGGTAG 1726 
ATP1A3 (1of2)-4      AGTGTATCGAGCTGTCCTGTGGCTCCGTCAGGGCAATGAGGGACAGGAACAAGAAGGTAG 1432 
ATP1A3 (1of2)-1      AGTGTATCGAGCTGTCCTGTGGCTCCGTCAGGGCAATGAGGGACAGGAACAAGAAGGTAG 1444 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      CCGAGATCCCCTTCAACTCCACCAACAAATACCAGCTCTCAGTGCACGAGACAGAGGACC 1746 
ATP1A3 (1of2)-3      CCGAGATCCCCTTCAACTCCACCAACAAATACCAGCTCTCAGTGCACGAGACAGAGGACC 1786 
ATP1A3 (1of2)-4      CCGAGATCCCCTTCAACTCCACCAACAAATACCAGCTCTCAGTGCACGAGACAGAGGACC 1492 
ATP1A3 (1of2)-1      CCGAGATCCCCTTCAACTCCACCAACAAATACCAGCTCTCAGTGCACGAGACAGAGGACC 1504 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TCAATGACAACCGCTACCTGCTCGTGATGAAGGGAGCCCCTGAGAGGGTCCTGGAATGTT 1806 
ATP1A3 (1of2)-3      TCAATGACAACCGCTACCTGCTCGTGATGAAGGGAGCCCCTGAGAGGGTCCTGGAATGTT 1846 
ATP1A3 (1of2)-4      TCAATGACAACCGCTACCTGCTCGTGATGAAGGGAGCCCCTGAGAGGGTCCTGGAATGTT 1552 
ATP1A3 (1of2)-1      TCAATGACAACCGCTACCTGCTCGTGATGAAGGGAGCCCCTGAGAGGGTCCTGGAATGTT 1564 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GCTCCACCATCCTGGTGCAGGGGAAGGAGCAACCTCTGGATGAGGAATTAAAGGAAGCTT 1866 
ATP1A3 (1of2)-3      GCTCCACCATCCTGGTGCAGGGGAAGGAGCAACCTCTGGATGAGGAATTAAAGGAAGCTT 1906 
ATP1A3 (1of2)-4      GCTCCACCATCCTGGTGCAGGGGAAGGAGCAACCTCTGGATGAGGAATTAAAGGAAGCTT 1612 
ATP1A3 (1of2)-1      GCTCCACCATCCTGGTGCAGGGGAAGGAGCAACCTCTGGATGAGGAATTAAAGGAAGCTT 1624 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TCCAGAACGCATACATGGAGCTGGGAGGTCTCGGAGAGAGAGTGCTGGGTTTCTGCCACG 1926 
ATP1A3 (1of2)-3      TCCAGAACGCATACATGGAGCTGGGAGGTCTCGGAGAGAGAGTGCTGGGTTTCTGCCACG 1966 
ATP1A3 (1of2)-4      TCCAGAACGCATACATGGAGCTGGGAGGTCTCGGAGAGAGAGTGCTGGGTTTCTGCCACG 1672 
ATP1A3 (1of2)-1      TCCAGAACGCATACATGGAGCTGGGAGGTCTCGGAGAGAGAGTGCTGGGTTTCTGCCACG 1684 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGTTGCTGCCCGAAGACCAATACCCCAAGGGTTTTGCCTTTGACACGGATGATGTCAACT 1986 
ATP1A3 (1of2)-3      TGTTGCTGCCCGAAGACCAATACCCCAAGGGTTTTGCCTTTGACACGGATGATGTCAACT 2026 
ATP1A3 (1of2)-4      TGTTGCTGCCCGAAGACCAATACCCCAAGGGTTTTGCCTTTGACACGGATGATGTCAACT 1732 
ATP1A3 (1of2)-1      TGTTGCTGCCCGAAGACCAATACCCCAAGGGTTTTGCCTTTGACACGGATGATGTCAACT 1744 
                     ************************************************************ 
 
 
 
 
 79 
ATP1A3 (1of2)-2      TCCAGACAAAAGACCTTTGCTTCGTTGGCCTCATGTCCATGATCGACCCTCCTCGTGCTG 2046 
ATP1A3 (1of2)-3      TCCAGACAAAAGACCTTTGCTTCGTTGGCCTCATGTCCATGATCGACCCTCCTCGTGCTG 2086 
ATP1A3 (1of2)-4      TCCAGACAAAAGACCTTTGCTTCGTTGGCCTCATGTCCATGATCGACCCTCCTCGTGCTG 1792 
ATP1A3 (1of2)-1      TCCAGACAAAAGACCTTTGCTTCGTTGGCCTCATGTCCATGATCGACCCTCCTCGTGCTG 1804 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      CCGTGCCTGATGCTGTTGGCAAATGCCGATCCGCTGGTATCAAGGTCATTATGGTCACTG 2106 
ATP1A3 (1of2)-3      CCGTGCCTGATGCTGTTGGCAAATGCCGATCCGCTGGTATCAAGGTCATTATGGTCACTG 2146 
ATP1A3 (1of2)-4      CCGTGCCTGATGCTGTTGGCAAATGCCGATCCGCTGGTATCAAGGTCATTATGGTCACTG 1852 
ATP1A3 (1of2)-1      CCGTGCCTGATGCTGTTGGCAAATGCCGATCCGCTGGTATCAAGGTCATTATGGTCACTG 1864 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GCGATCACCCAATCACAGCCAAGGCAATTGCCAAGGGAGTGGGCATCATCTCAGAGGGCA 2166 
ATP1A3 (1of2)-3      GCGATCACCCAATCACAGCCAAGGCAATTGCCAAGGGAGTGGGCATCATCTCAGAGGGCA 2206 
ATP1A3 (1of2)-4      GCGATCACCCAATCACAGCCAAGGCAATTGCCAAGGGAGTGGGCATCATCTCAGAGGGCA 1912 
ATP1A3 (1of2)-1      GCGATCACCCAATCACAGCCAAGGCAATTGCCAAGGGAGTGGGCATCATCTCAGAGGGCA 1924 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      ACGAGACAGTGGAGGACATTGCAGCCCGTCTCAACATACCAGTCAGCCAAGTCAACCCCA 2226 
ATP1A3 (1of2)-3      ACGAGACAGTGGAGGACATTGCAGCCCGTCTCAACATACCAGTCAGCCAAGTCAACCCCA 2266 
ATP1A3 (1of2)-4      ACGAGACAGTGGAGGACATTGCAGCCCGTCTCAACATACCAGTCAGCCAAGTCAACCCCA 1972 
ATP1A3 (1of2)-1      ACGAGACAGTGGAGGACATTGCAGCCCGTCTCAACATACCAGTCAGCCAAGTCAACCCCA 1984 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GGGATGCCAAGGCCTGTGTGTGCCACGGTACAGATCTAAAGGATCTGTCTCAGGATCAGA 2286 
ATP1A3 (1of2)-3      GGGATGCCAAGGCCTGTGTGTGCCACGGTACAGATCTAAAGGATCTGTCTCAGGATCAGA 2326 
ATP1A3 (1of2)-4      GGGATGCCAAGGCCTGTGTGTGCCACGGTACAGATCTAAAGGATCTGTCTCAGGATCAGA 2032 
ATP1A3 (1of2)-1      GGGATGCCAAGGCCTGTGTGTGCCACGGTACAGATCTAAAGGATCTGTCTCAGGATCAGA 2044 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGGACGACATCCTGAGGAATCACACGGAGATCGTCTTTGCTAGGACCTCCCCACAGCAGA 2346 
ATP1A3 (1of2)-3      TGGACGACATCCTGAGGAATCACACGGAGATCGTCTTTGCTAGGACCTCCCCACAGCAGA 2386 
ATP1A3 (1of2)-4      TGGACGACATCCTGAGGAATCACACGGAGATCGTCTTTGCTAGGACCTCCCCACAGCAGA 2092 
ATP1A3 (1of2)-1      TGGACGACATCCTGAGGAATCACACGGAGATCGTCTTTGCTAGGACCTCCCCACAGCAGA 2104 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AGCTCATCATCGTAGAAGGCTGCCAGAGACTGGGTGCCATTGTGGCTGTGACAGGTGATG 2406 
ATP1A3 (1of2)-3      AGCTCATCATCGTAGAAGGCTGCCAGAGACTGGGTGCCATTGTGGCTGTGACAGGTGATG 2446 
ATP1A3 (1of2)-4      AGCTCATCATCGTAGAAGGCTGCCAGAGACTGGGTGCCATTGTGGCTGTGACAGGTGATG 2152 
ATP1A3 (1of2)-1      AGCTCATCATCGTAGAAGGCTGCCAGAGACTGGGTGCCATTGTGGCTGTGACAGGTGATG 2164 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GTGTGAATGACTCACCTGCTCTGAAAAAGGCCGACATTGGTGTTGCCATGGGAATCTCTG 2466 
ATP1A3 (1of2)-3      GTGTGAATGACTCACCTGCTCTGAAAAAGGCCGACATTGGTGTTGCCATGGGAATCTCTG 2506 
ATP1A3 (1of2)-4      GTGTGAATGACTCACCTGCTCTGAAAAAGGCCGACATTGGTGTTGCCATGGGAATCTCTG 2212 
ATP1A3 (1of2)-1      GTGTGAATGACTCACCTGCTCTGAAAAAGGCCGACATTGGTGTTGCCATGGGAATCTCTG 2224 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GCTCCGATGTGTCCAAACAGGCCGCAGACATGATCTTGTTGGATGACAACTTTGCCTCTA 2526 
ATP1A3 (1of2)-3      GCTCCGATGTGTCCAAACAGGCCGCAGACATGATCTTGTTGGATGACAACTTTGCCTCTA 2566 
ATP1A3 (1of2)-4      GCTCCGATGTGTCCAAACAGGCCGCAGACATGATCTTGTTGGATGACAACTTTGCCTCTA 2272 
ATP1A3 (1of2)-1      GCTCCGATGTGTCCAAACAGGCCGCAGACATGATCTTGTTGGATGACAACTTTGCCTCTA 2284 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TTGTCACAGGAGTTGAAGAAGGCCGTTTGATCTTTGACAACCTCAAGAAGTCCATTGCCT 2586 
ATP1A3 (1of2)-3      TTGTCACAGGAGTTGAAGAAGGCCGTTTGATCTTTGACAACCTCAAGAAGTCCATTGCCT 2626 
ATP1A3 (1of2)-4      TTGTCACAGGAGTTGAAGAAGGCCGTTTGATCTTTGACAACCTCAAGAAGTCCATTGCCT 2332 
ATP1A3 (1of2)-1      TTGTCACAGGAGTTGAAGAAGGCCGTTTGATCTTTGACAACCTCAAGAAGTCCATTGCCT 2344 
                     ************************************************************ 
 
 
 
 
 80 
ATP1A3 (1of2)-2      ACACCTTGACCAGCAACATCCCAGAGATCACCCCCTTCCTGCTGTTCATCATCGTCAACA 2646 
ATP1A3 (1of2)-3      ACACCTTGACCAGCAACATCCCAGAGATCACCCCCTTCCTGCTGTTCATCATCGTCAACA 2686 
ATP1A3 (1of2)-4      ACACCTTGACCAGCAACATCCCAGAGATCACCCCCTTCCTGCTGTTCATCATCGTCAACA 2392 
ATP1A3 (1of2)-1      ACACCTTGACCAGCAACATCCCAGAGATCACCCCCTTCCTGCTGTTCATCATCGTCAACA 2404 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TCCCCCTGCCACTGGGAACCATCACCATCCTCTGCATCGACCTGGGAACCGACATGGTTC 2706 
ATP1A3 (1of2)-3      TCCCCCTGCCACTGGGAACCATCACCATCCTCTGCATCGACCTGGGAACCGACATGGTTC 2746 
ATP1A3 (1of2)-4      TCCCCCTGCCACTGGGAACCATCACCATCCTCTGCATCGACCTGGGAACCGACATGGTTC 2452 
ATP1A3 (1of2)-1      TCCCCCTGCCACTGGGAACCATCACCATCCTCTGCATCGACCTGGGAACCGACATGGTTC 2464 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      CAGCCATCTCACTGGCCTATGAAGCAGCCGAGAGCGACATCATGAAGCGTCAGCCCAGGA 2766 
ATP1A3 (1of2)-3      CAGCCATCTCACTGGCCTATGAAGCAGCCGAGAGCGACATCATGAAGCGTCAGCCCAGGA 2806 
ATP1A3 (1of2)-4      CAGCCATCTCACTGGCCTATGAAGCAGCCGAGAGCGACATCATGAAGCGTCAGCCCAGGA 2512 
ATP1A3 (1of2)-1      CAGCCATCTCACTGGCCTATGAAGCAGCCGAGAGCGACATCATGAAGCGTCAGCCCAGGA 2524 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      ACCCATTCAGGGACAAGCTGGTGAATGAGAGGCTTATCAGCATTGCCTACGGACAAATCG 2826 
ATP1A3 (1of2)-3      ACCCATTCAGGGACAAGCTGGTGAATGAGAGGCTTATCAGCATTGCCTACGGACAAATCG 2866 
ATP1A3 (1of2)-4      ACCCATTCAGGGACAAGCTGGTGAATGAGAGGCTTATCAGCATTGCCTACGGACAAATCG 2572 
ATP1A3 (1of2)-1      ACCCATTCAGGGACAAGCTGGTGAATGAGAGGCTTATCAGCATTGCCTACGGACAAATCG 2584 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GTATGATCCAGGCTCTGGGAGGCTTCTTCGCCTACTTTGTCATCTTGGCTGAAAACGGTT 2886 
ATP1A3 (1of2)-3      GTATGATCCAGGCTCTGGGAGGCTTCTTCGCCTACTTTGTCATCTTGGCTGAAAACGGTT 2926 
ATP1A3 (1of2)-4      GTATGATCCAGGCTCTGGGAGGCTTCTTCGCCTACTTTGTCATCTTGGCTGAAAACGGTT 2632 
ATP1A3 (1of2)-1      GTATGATCCAGGCTCTGGGAGGCTTCTTCGCCTACTTTGTCATCTTGGCTGAAAACGGTT 2644 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TCCTGCCAACTACACTAGTCGGCATCAGGCTCAATTGGGACGACCGCAGTTGTAACGACT 2946 
ATP1A3 (1of2)-3      TCCTGCCAACTACACTAGTCGGCATCAGGCTCAATTGGGACGACCGCAGTTGTAACGACT 2986 
ATP1A3 (1of2)-4      TCCTGCCAACTACACTAGTCGGCATCAGGCTCAATTGGGACGACCGCAGTTGTAACGACT 2692 
ATP1A3 (1of2)-1      TCCTGCCAACTACACTAGTCGGCATCAGGCTCAATTGGGACGACCGCAGTTGTAACGACT 2704 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGGAAGACACCTACGGGCAACAATGGACATATGAGCAGAGGAAGATTGTGGAGTTCACAT 3006 
ATP1A3 (1of2)-3      TGGAAGACACCTACGGGCAACAATGGACATATGAGCAGAGGAAGATTGTGGAGTTCACAT 3046 
ATP1A3 (1of2)-4      TGGAAGACACCTACGGGCAACAATGGACATATGAGCAGAGGAAGATTGTGGAGTTCACAT 2752 
ATP1A3 (1of2)-1      TGGAAGACACCTACGGGCAACAATGGACATATGAGCAGAGGAAGATTGTGGAGTTCACAT 2764 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      GCCACACAGCCTTCTTTGTCAGCATTGTGGTCGTGCAATGGGCTGACGTCATCATCTGCA 3066 
ATP1A3 (1of2)-3      GCCACACAGCCTTCTTTGTCAGCATTGTGGTCGTGCAATGGGCTGACGTCATCATCTGCA 3106 
ATP1A3 (1of2)-4      GCCACACAGCCTTCTTTGTCAGCATTGTGGTCGTGCAATGGGCTGACGTCATCATCTGCA 2812 
ATP1A3 (1of2)-1      GCCACACAGCCTTCTTTGTCAGCATTGTGGTCGTGCAATGGGCTGACGTCATCATCTGCA 2824 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AGACCAGGCGTAATTCTGTGTTCCAGCAGGGCATGAGGAACAAGATCTTGATCTTCGGCC 3126 
ATP1A3 (1of2)-3      AGACCAGGCGTAATTCTGTGTTCCAGCAGGGCATGAGGAACAAGATCTTGATCTTCGGCC 3166 
ATP1A3 (1of2)-4      AGACCAGGCGTAATTCTGTGTTCCAGCAGGGCATGAGGAACAAGATCTTGATCTTCGGCC 2872 
ATP1A3 (1of2)-1      AGACCAGGCGTAATTCTGTGTTCCAGCAGGGCATGAGGAACAAGATCTTGATCTTCGGCC 2884 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TGTTTGAAGAGACCGCTCTGGCTGCCTTCCTGTCCTACTGCCCAGGCATGGATGTGGCAC 3186 
ATP1A3 (1of2)-3      TGTTTGAAGAGACCGCTCTGGCTGCCTTCCTGTCCTACTGCCCAGGCATGGATGTGGCAC 3226 
ATP1A3 (1of2)-4      TGTTTGAAGAGACCGCTCTGGCTGCCTTCCTGTCCTACTGCCCAGGCATGGATGTGGCAC 2932 
ATP1A3 (1of2)-1      TGTTTGAAGAGACCGCTCTGGCTGCCTTCCTGTCCTACTGCCCAGGCATGGATGTGGCAC 2944 
                     ************************************************************ 
 
 
 
 
 81 
ATP1A3 (1of2)-2      TCAGGATGTATCCACTAAAGCCTAGCTGGTGGTTTTGTGCGTTCCCCTATAGTTTTCTTA 3246 
ATP1A3 (1of2)-3      TCAGGATGTATCCACTAAAGCCTAGCTGGTGGTTTTGTGCGTTCCCCTATAGTTTTCTTA 3286 
ATP1A3 (1of2)-4      TCAGGATGTATCCACTAAAGCCTAGCTGGTGGTTTTGTGCGTTCCCCTATAGTTTTCTTA 2992 
ATP1A3 (1of2)-1      TCAGGATGTATCCACTAAAGCCTAGCTGGTGGTTTTGTGCGTTCCCCTATAGTTTTCTTA 3004 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      TCTTTGTCTATGATGAGGTGCGAAAACTTCTCATTCGTCGGAACCCCGGAGGTTGGGTGG 3306 
ATP1A3 (1of2)-3      TCTTTGTCTATGATGAGGTGCGAAAACTTCTCATTCGTCGGAACCCCGGAGGTTGGGTGG 3346 
ATP1A3 (1of2)-4      TCTTTGTCTATGATGAGGTGCGAAAACTTCTCATTCGTCGGAACCCCGGAGGTTGGGTGG 3052 
ATP1A3 (1of2)-1      TCTTTGTCTATGATGAGGTGCGAAAACTTCTCATTCGTCGGAACCCCGGAGGTTGGGTGG 3064 
                     ************************************************************ 
 
ATP1A3 (1of2)-2      AAAGAGAGACATACTATTGA---------------------------------------- 3326 
ATP1A3 (1of2)-3      AAAGAGAGACATACTATTGA---------------------------------------- 3366 
ATP1A3 (1of2)-4      AAAGAGAGACATACTATTGA---------------------------------------- 3072 
ATP1A3 (1of2)-1      AAAGAGAGACATACTATTGATCAATGGAGCATCTTTGCTCAAGCCCCCCACATGTTCCAA 3124 
                     ********************                                         
 
ATP1A3 (1of2)-2      ------------------------------------------------------------ 
ATP1A3 (1of2)-3      ------------------------------------------------------------ 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      TTATTTCTCCCCCCTGTCACTCCATCCCTGGCAAGACACCCCTTCCGATGCCCCGCCCCC 3184 
                                                                                  
 
ATP1A3 (1of2)-2      ------------------------------------------------------------ 
ATP1A3 (1of2)-3      ------------------------------------------------------------ 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      TTAAAAATACAAAACGCTTTAAAGCAATTTTCATCACAACTGCCCCAAAGATTAAAAACA 3244 
                                                                                  
 
ATP1A3 (1of2)-2      ------------------------------------------------------------ 
ATP1A3 (1of2)-3      ------------------------------------------------------------ 
ATP1A3 (1of2)-4      ------------------------------------------------------------ 
ATP1A3 (1of2)-1      GCAAAAGCACCTTTACAACTTTCTACATTGACCCGCCCCCTTTCTCCCCATCTCCTATGA 3304 
                                                                                  
 
ATP1A3 (1of2)-2      ------------- 
ATP1A3 (1of2)-3      ------------- 
ATP1A3 (1of2)-4      ------------- 
ATP1A3 (1of2)-1      TACTCTTTGCATG 3317 
ATP1A3 (2 of 2) 
ATP1A3 (2of2)-1      ATCGTTTGCGCCTTTCGGGAGAGGAGGCTGGTCGAAGTGCCACCGACGGCTGCTTACGAA 60 
ATP1A3 (2of2)-2      -----------------------------GGTCGAAGTGCCACCGACGGCTGCTTACGAA 31 
                                                  ******************************* 
 
ATP1A3 (2of2)-1      TTATAAACATTTTATGCCGAAGAAATAAACCCTTTTCATTTTCATCTCAACGGGGTGCCA 120 
ATP1A3 (2of2)-2      TTATAAACATTTTATGCCGAAGAAATAAACCCTTTTCATTTTCATCTCAACGGG------ 85 
                    ******************************************************       
 
ATP1A3 (2of2)-1      AAAGATTTTTTTGCCTTTGTCAAATGACCGTATGCCCGTTCCTCGTTTAGCGCGTAATGT 180 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      GGGCTAGTTAATTGATTTGTGTCAGTGGAGCAGTACCGTTAGCTGTCAACTGAAGGGAGA 240 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      CATTTTTATTTCTCATCACCAGACGGCTGTTTGCTGCCCAACAATCCGCCTTAAAGCTTC 300 
ATP1A3 (2of2)-2      ----------------------ACGGCTGTTTGCTGCCCAACAATCCGCCTTAAAGCTTC 123 
                                           ************************************** 
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ATP1A3 (2of2)-1      TCTGCTCGAACCCTCAACGCGGCTCATCGGCTGAGGAGACCCGGCTGACTGCGCCGAAAT 360 
ATP1A3 (2of2)-2      TCTGCTCGAACCCTCAACGCGGCTCATCGGCTGAGGAGACCCGGCTGACTGCGCCGAAAT 183 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGGGTACGGACGGTCGGACAGCTACCGCGTGGCCACCACGCAGGACAAGGATGAGAAGGA 420 
ATP1A3 (2of2)-2      GGGGTACGGACGGTCGGACAGCTACCGCGTGGCCACCACGCAGGACAAGGATGAGAAGGA 243 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GTCGCCCAAGAAGAAGGCCGGCAAGGACATGGATGACCTCAAAAAGGAAGTCCCCATCAC 480 
ATP1A3 (2of2)-2      GTCGCCCAAGAAGAAGGCCGGCAAGGACATGGATGACCTCAAAAAGGAAGTCCCCATCAC 303 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGAACACAAAATGTCTGTTGAGGAGGTTTGCCGGAAATACAGCACTGATATCGTCCAGGG 540 
ATP1A3 (2of2)-2      GGAACACAAAATGTCTGTTGAGGAGGTTTGCCGGAAATACAGCACTGATATCGTCCAGGG 363 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      TTTGACCAACGCCAAGGCAGCAGAGTACCTGATCAGGGACGGCCCCAACGCCCTGACCCC 600 
ATP1A3 (2of2)-2      TTTGACCAACGCCAAGGCAGCAGAGTACCTGATCAGGGACGGCCCCAACGCCCTGACCCC 423 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GCCCCCCACCACCCCAGAGTGGGTCAAGTTTTGTCGGCAGCTGTTCGGCGGCTTCTCCAT 660 
ATP1A3 (2of2)-2      GCCCCCCACCACCCCAGAGTGGGTCAAGTTTTGTCGGCAGCTGTTCGGCGGCTTCTCCAT 483 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCTGCTGTGGATCGGCGCCATCCTCTGCTTCCTGGCCTACGCCATCCAGGCGGCCACGGA 720 
ATP1A3 (2of2)-2      CCTGCTGTGGATCGGCGCCATCCTCTGCTTCCTGGCCTACGCCATCCAGGCGGCCACGGA 543 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGACGAGCCCGCTGGCGATAACTTGTATCTGGGCATCGTGCTGTCAGCCGTCGTCATCAT 780 
ATP1A3 (2of2)-2      GGACGAGCCCGCTGGCGATAACTTGTATCTGGGCATCGTGCTGTCAGCCGTCGTCATCAT 603 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CACCGGTTGCTTCTCCTACTTTCAGGAGGCGAAGAGCTCCAAGATCATGGAGTCCTTCAA 840 
ATP1A3 (2of2)-2      CACCGGTTGCTTCTCCTACTTTCAGGAGGCGAAGAGCTCCAAGATCATGGAGTCCTTCAA 663 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GAACATGGTTCCTCAGCAAGCCCTGGTGATCCGTGAGGGAGAGAAGATGCAGATCAATGC 900 
ATP1A3 (2of2)-2      GAACATGGTTCCTCAGCAAGCCCTGGTGATCCGTGAGGGAGAGAAGATGCAGATCAATGC 723 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGAGCAAGTGGTGGCAGGAGACCTGGTGGAGGTGAAAGGAGGAGACAGGATCCCTGCCGA 960 
ATP1A3 (2of2)-2      GGAGCAAGTGGTGGCAGGAGACCTGGTGGAGGTGAAAGGAGGAGACAGGATCCCTGCCGA 783 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCTCCGCATCGTCTCCTCCCACGGCTGCAAGGTGGACAACTCATCCCTGACCGGCGAATC 1020 
ATP1A3 (2of2)-2      CCTCCGCATCGTCTCCTCCCACGGCTGCAAGGTGGACAACTCATCCCTGACCGGCGAATC 843 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      AGAGCCCCAGACCAGGTCACCTGACGGTACCCATGACAACCCTCTGGAAACCCGCAACAT 1080 
ATP1A3 (2of2)-2      AGAGCCCCAGACCAGGTCACCTGACGGTACCCATGACAACCCTCTGGAAACCCGCAACAT 903 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CGCCTTCTTCTCCACCAACTGTGTCGAGGGAACGGCGCGCGGCATCGTTGTGTGCACTGG 1140 
ATP1A3 (2of2)-2      CGCCTTCTTCTCCACCAACTGTGTCGAGGGAACGGCGCGCGGCATCGTTGTGTGCACTGG 963 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CGATCGCACGGTGATGGGCCGCATCGCCACTCTGACCTCAGGCCTGGAGACCGGCAAGAC 1200 
ATP1A3 (2of2)-2      CGATCGCACGGTGATGGGCCGCATCGCCACTCTGACCTCAGGCCTGGAGACCGGCAAGAC 1023 
                     ************************************************************ 
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ATP1A3 (2of2)-1      TCCCATTGCCAAGGAGATCGAGCACTTCATCCAGATCATCACAGGCGTGGCCGTCTTCCT 1260 
ATP1A3 (2of2)-2      TCCCATTGCCAAGGAGATCGAGCACTTCATCCAGATCATCACAGGCGTGGCCGTCTTCCT 1083 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CGGCATGTCCTTCTTCGTGCTGTCAATCGTCCTGGGTTACTCCTGGCTGGAAGCCGTCAT 1320 
ATP1A3 (2of2)-2      CGGCATGTCCTTCTTCGTGCTGTCAATCGTCCTGGGTTACTCCTGGCTGGAAGCCGTCAT 1143 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CTTCCTCATTGGCATCATTGTTGCTAATGTGCCGGAGGGTCTGCTCGCCACAGTCACCGT 1380 
ATP1A3 (2of2)-2      CTTCCTCATTGGCATCATTGTTGCTAATGTGCCGGAGGGTCTGCTCGCCACAGTCACCGT 1203 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      TTGTCTGACACTGACGGCTAAGCGAATGGCTCGCAAGAACTGCCTGGTGAAGAACTTGGA 1440 
ATP1A3 (2of2)-2      TTGTCTGACACTGACGGCTAAGCGAATGGCTCGCAAGAACTGCCTGGTGAAGAACTTGGA 1263 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGCTGTGGAAACACTGGGCTCCACCTCCACCATCTGCTCCGACAAGACGGGCACGCTGAC 1500 
ATP1A3 (2of2)-2      GGCTGTGGAAACACTGGGCTCCACCTCCACCATCTGCTCCGACAAGACGGGCACGCTGAC 1323 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCAGAACCGCATGACCGTGGCCCACATGTGGTTCGACAACCAGATCCACGAGGCCGACAC 1560 
ATP1A3 (2of2)-2      CCAGAACCGCATGACCGTGGCCCACATGTGGTTCGACAACCAGATCCACGAGGCCGACAC 1383 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CACCGAGGACCAGTCCGGCTGCTCCTTCGACAAAAGCTCCACCACGTGGGTGTCTTTGGC 1620 
ATP1A3 (2of2)-2      CACCGAGGACCAGTCCGGCTGCTCCTTCGACAAAAGCTCCACCACGTGGGTGTCTTTGGC 1443 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCGCATCGCTGCCCTGTGCAACCGCGCTGTGTTCAAGGCCGGCCAGGACGCTTTGCCCAT 1680 
ATP1A3 (2of2)-2      CCGCATCGCTGCCCTGTGCAACCGCGCTGTGTTCAAGGCCGGCCAGGACGCTTTGCCCAT 1503 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCTGAAGCGCGATGTGGCCGGCGACGCCTCCGAGTCCGCCCTGCTGAAGTGTATCGAGCT 1740 
ATP1A3 (2of2)-2      CCTGAAGCGCGATGTGGCCGGCGACGCCTCCGAGTCCGCCCTGCTGAAGTGTATCGAGCT 1563 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GTCCTGTGGCTCCGTCAAAGCCATGAGGGAGAAGAACAAGAAGGTGGCCGAGATCCCCTT 1800 
ATP1A3 (2of2)-2      GTCCTGTGGCTCCGTCAAAGCCATGAGGGAGAAGAACAAGAAGGTGGCCGAGATCCCCTT 1623 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CAACTCCACCAACAAGTACCAGCTCTCCATTCATGAAAATGACGATGAAAACGACAACCG 1860 
ATP1A3 (2of2)-2      CAACTCCACCAACAAGTACCAGCTCTCCATTCATGAAAATGACGATGAAAACGACAACCG 1683 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CTACCTGCTGGTGATGAAGGGAGCTCCGGAGAGGATCCTCGACCGCAGCTCCACCATCAT 1920 
ATP1A3 (2of2)-2      CTACCTGCTGGTGATGAAGGGAGCTCCGGAGAGGATCCTCGACCGCAGCTCCACCATCAT 1743 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GTTGCAGGGCAAGGAGCAGCCCATGGACGACGAGATGAAAGAGGCCTTCCAGAACTCCTA 1980 
ATP1A3 (2of2)-2      GTTGCAGGGCAAGGAGCAGCCCATGGACGACGAGATGAAAGAGGCCTTCCAGAACTCCTA 1803 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCAGGAACTGGGCGGACTGGGAGAGAGGGTACTGGGTTTCTGCCACGTGTTCCTGCCAGA 2040 
ATP1A3 (2of2)-2      CCAGGAACTGGGCGGACTGGGAGAGAGGGTACTGGGTTTCTGCCACGTGTTCCTGCCAGA 1863 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGACAAGTACCCCAAGGGCTTCGCCTTCGACACAGACGACGTCAACTTCGAGACGGACAA 2100 
ATP1A3 (2of2)-2      GGACAAGTACCCCAAGGGCTTCGCCTTCGACACAGACGACGTCAACTTCGAGACGGACAA 1923 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCTTTGCTTCGTAGGCCTCATGTCCATGATCGACCCTCCGCGTGCTGCCGTGCCTGATGC 2160 
ATP1A3 (2of2)-2      CCTTTGCTTCGTAGGCCTCATGTCCATGATCGACCCTCCGCGTGCTGCCGTGCCTGATGC 1983 
                     ************************************************************ 
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ATP1A3 (2of2)-1      TGTGGGCAAATGCCGCTCTGCAGGCATCAAGGTAATTATGGTGACTGGTGACCACCCAAT 2220 
ATP1A3 (2of2)-2      TGTGGGCAAATGCCGCTCTGCAGGCATCAAGGTAATTATGGTGACTGGTGACCACCCAAT 2043 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CACAGCCAAGGCTATTGCTAAGGGTGTGGGCATCATCTCCGAGGGTAACGAGACAGTGGA 2280 
ATP1A3 (2of2)-2      CACAGCCAAGGCTATTGCTAAGGGTGTGGGCATCATCTCCGAGGGTAACGAGACAGTGGA 2103 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      AGACATTGCTGCACGCCTCAACATCCCCATCAGCCAAGTCAACCCAAGGGACGCCAAGGC 2340 
ATP1A3 (2of2)-2      AGACATTGCTGCACGCCTCAACATCCCCATCAGCCAAGTCAACCCAAGGGACGCCAAGGC 2163 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CTGTGTGATCCACGGCACCGACCTGAAAGACCTCGATCAGGGGGCGATGGACGATATTTT 2400 
ATP1A3 (2of2)-2      CTGTGTGATCCACGGCACCGACCTGAAAGACCTCGATCAGGGGGCGATGGACGATATTTT 2223 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GAAGAACCACACTGAGATTGTCTTTGCCCGAACCTCCCCGCAGCAGAAGCTCATCATCGT 2460 
ATP1A3 (2of2)-2      GAAGAACCACACTGAGATTGTCTTTGCCCGAACCTCCCCGCAGCAGAAGCTCATCATCGT 2283 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      AGAAGGCTGCCAGCGGCAGGGCGCCATCGTGGCCGTGACGGGCGACGGTGTGAACGACTC 2520 
ATP1A3 (2of2)-2      AGAAGGCTGCCAGCGGCAGGGCGCCATCGTGGCCGTGACGGGCGACGGTGTGAACGACTC 2343 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      ACCCGCCCTGAAGAAGGCTGACATCGGCGTCGCCATGGGAATCTCCGGCTCCGACGTGTC 2580 
ATP1A3 (2of2)-2      ACCCGCCCTGAAGAAGGCTGACATCGGCGTCGCCATGGGAATCTCCGGCTCCGACGTGTC 2403 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CAAACAGGCTGCCGACATGATCCTGCTGGACGACAACTTCGCCTCCATCGTCACAGGA-- 2638 
ATP1A3 (2of2)-2      CAAACAGGCTGCCGACATGATCCTGCTGGACGACAACTTCGCCTCCATCGTCATCACCTC 2463 
                     *****************************************************        
 
ATP1A3 (2of2)-1      ----GTGGAGGAAGGCCGTCTGATCTTCGACAACCTGAAGAAGTCCATCGCGTACACTCT 2694 
ATP1A3 (2of2)-2      CTTCATCACTACAGGCCGTCTGATCTTCGACAACCTGAAGAAGTCCATCGCGTACACTCT 2523 
                          *      ************************************************ 
 
ATP1A3 (2of2)-1      GACCAGCAACATCCCAGAGATCACCCCCTTCCTGTTCTTCATCCTGGTCAACATCCCGCT 2754 
ATP1A3 (2of2)-2      GACCAGCAACATCCCAGAGATCACCCCCTTCCTGTTCTTCATCCTGGTCAACATCCCGCT 2583 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GCCTCTGGGCACCATCACCATCCTCTGCATTGACCTGGGAACAGACATGGTACCAGCCAT 2814 
ATP1A3 (2of2)-2      GCCTCTGGGCACCATCACCATCCTCTGCATTGACCTGGGAACAGACATGGTACCAGCCAT 2643 
                     ************************************************************ 
 
 
ATP1A3 (2of2)-1      CTCTCTCGCCTACGAAGCGGCAGAGAGCGACATCATGAAGCGGCAGCCCAGGAACCCACA 2874 
ATP1A3 (2of2)-2      CTCTCTCGCCTACGAAGCGGCAGAGAGCGACATCATGAAGCGGCAGCCCAGGAACCCACA 2703 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GAGGGACAAACTGGTCAACGAGAGACTCATCAGTATCGCCTATGGACAGATCGGTATGAT 2934 
ATP1A3 (2of2)-2      GAGGGACAAACTGGTCAACGAGAGACTCATCAGTATCGCCTATGGACAGATCGGTATGAT 2763 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      CCAAGCTCTCGGCGGGTTCTTTGCATATTTCGTCATCATGGCTGAAAACGGTTTCCTGCC 2994 
ATP1A3 (2of2)-2      CCAAGCTCTCGGCGGGTTCTTTGCATATTTCGTCATCATGGCTGAAAACGGTTTCCTGCC 2823 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GTCCGAGCTCGTCGGCATCCGGCTCAACTGGGACGATCGCTCCAACAACGACCTGGAGGA 3054 
ATP1A3 (2of2)-2      GTCCGAGCTCGTCGGCATCCGGCTCAACTGGGACGATCGCTCCAACAACGACCTGGAGGA 2883 
                     ************************************************************ 
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ATP1A3 (2of2)-1      CAGCTACGGGCAGCAATGGACCTATGAGCAGCGGAAGATCGTGGAGTTTACCTGCCACAC 3114 
ATP1A3 (2of2)-2      CAGCTACGGGCAGCAATGGACCTATGAGCAGCGGAAGATCGTGGAGTTTACCTGCCACAC 2943 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGCGTTCTTCGTCAGCATCGTGGTGGTGCAGTGGGCAGATGTCATCATCTGCAAGACCAG 3174 
ATP1A3 (2of2)-2      GGCGTTCTTCGTCAGCATCGTGGTGGTGCAGTGGGCAGATGTCATCATCTGCAAGACCAG 3003 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GCGTAACTCTGTGTTCCAGCAGGGCATGAAGAATAAGATTTTGATCTTTGGGCTGTTTGA 3234 
ATP1A3 (2of2)-2      GCGTAACTCTGTGTTCCAGCAGGGCATGAAGAATAAGATTTTGATCTTTGGGCTGTTTGA 3063 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GGAAACGGCTCTGGCTGCTCTGCTGTCCTACTGCCCCGGCATGGACGTGGCCCTGCGGAT 3294 
ATP1A3 (2of2)-2      GGAAACGGCTCTGGCTGCTCTGCTGTCCTACTGCCCCGGCATGGACGTGGCCCTGCGGAT 3123 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GTACCCGCTCAAGCCCAGCTGGTGGTTCTGTGCGTTCCCGTACAGCTTCCTCATCTTTGT 3354 
ATP1A3 (2of2)-2      GTACCCGCTCAAGCCCAGCTGGTGGTTCTGTGCGTTCCCGTACAGCTTCCTCATCTTTGT 3183 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      TTACGATGAAATCCGGAAACTCATCCTTCGCCGAAACCCCGGAGGCTGGGTGGAAAGAGA 3414 
ATP1A3 (2of2)-2      TTACGATGAAATCCGGAAACTCATCCTTCGCCGAAACCCCGGAGGCTGGGTGGAAAGAGA 3243 
                     ************************************************************ 
 
ATP1A3 (2of2)-1      GACCTACTATTAGATTAGCAAAGCATCATTTCCTTCTCAATGTGCCCCCTCTCTCCTCCT 3474 
ATP1A3 (2of2)-2      GACCTACTATTAG----------------------------------------------- 3256 
                     *************                                                
 
ATP1A3 (2of2)-1      CCTTCTCTCCCCCATCCCTCCTCACCCGTCAACATGCTCTATACAAGAAGATGACGTCCC 3534 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      ACCCATCCTCCTCTCAACCCGCATCGCCCACAAGAAACACAAAAACCAACAGGACTAATG 3594 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      AGACAGGGGAGGGCAGGGGGGTACAACTCTTCGTCCGTGTCCTCTGTCCCCCTTTTTATT 3654 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      TTTTCTATTCAAAGTCTCTACAGCACTTGACCGCCAGTAACACCGTCGTGCTGCACCGCT 3714 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      GTGTGTGGACCGCCATGGAGAAGGGAGAAGGTCCGACTGTTCCACGGCCATCTTTGTCCC 3774 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
 
ATP1A3 (2of2)-1      AGCAGAACCACAAAGGGGCAACTCCTGTCTCCACCCCTGTCCACACTGGTGTCTCCACTG 3834 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      CTGTCTCCAACTCACGTTTCTGCTTCAAGAAAAGTTCAACAATCATTTGCACCCTCAACT 3894 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      GGGTGGAGAAAAAAGTCACCCCCCCCCATGCGTTTTTTTCTGCCTGTGTTGTTGTTGTTT 3954 
ATP1A3 (2of2)-2      ------------------------------------------------------------ 
                                                                                 
 
ATP1A3 (2of2)-1      TCTAAAAGACAACTGGCTGTTTAGAAAAATAAAAATAGTTTGTGAAAGTTC 4005 
ATP1A3 (2of2)-2      --------------------------------------------------- 
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Appendix 2: cDNA Similarity Matrix for Na+/K+-ATPase  Subunit Isoform Transcripts  
cDNA Similarity 
Isoform 
Transcript 
ATP1A-1 ATP1A-2 ATP1A-3 ATP1A-4 ATP1A3  
(1of 2)-1 
ATP1A3  
(1of 2)-2 
ATP1A3 
(1of 2)-3 
ATP1A3 
(1of 2)-4 
ATP1A3 
(2of2)-1 
ATP1A3 
(2of2)-2 
ATP1A-1 100 89.0 98.0 86.0 76.0 76.0 77.0 79.0 76.0 76.0 
ATP1A-2  100 91.0 87.0 72.0 72.0 71.0 78.0 72.0 74.0 
ATP1A-3   100 85.0 78.0 76.0 76.0 79.0 78.0 75.0 
ATP1A-4    100 78.0 79.0 79.0 78.0 78.0 80.0 
ATP1A3 
(1of 2)-1 
    100 92.0 92.0 99.0 82.0 79.0 
ATP1A3 
(1of 2)-2 
     100 96.0 99.0 81.0 81.0 
ATP1A3 
(1of 2)-3 
      100 99.0 81.0 81.0 
ATP1A3 
(1of 2)-4 
       100 84.0 83.0 
ATP1A3 
(2of2)-1 
        100 99.0 
ATP1A3 
(2of2)-1 
         100 
 
